By the late ALEXANDER LOWY and BENJAMIN 
HARROW. Seventh edition revised by BENJAMIN 
HARROW and PERCY M. APFELBAUM; both at the 
College of The City of New York. 


Designed, with outstanding success, as an up- 
to-date, readable, introductory textbook, with 
emphasis on basic facts; known for its brevity, 
clarity, simplicity and teachableness; used suc- 
cessfully by professors through six editions; now 
appearing in a new, seventh edition — this is 
the history of An Introduction to Organic 
Chemistry. 


Brought generally up-to-date, the book has 
undergone extensive revisions in the sections 
dealing with aliphatic chemistry (especially 
hydrocarbons) and with polymers. In addi- 
tion, the number of cross references has been 
: increased to help the student find relevant and 
related information. 


Approx. 506 pages * Prob. $5.00 


|Other Wiley Books| 


QUANTUM MECHANICS OF PARTICLES AND WAVE FIELDS 
By ARTHUR MARCH 


Ready in May Approx. 300 pages Prob. $5.00 


RADIOACTIVITY APPLIED TO CHEMISTRY 
Edited by ARTHUR C. WAHL and NORMAN A. BONNER 


Ready in June Approx. 666 pages Prob. $7.50 
OPTICAL CRYSTALLOGRAPHY 
‘ond Edition 
By ERNEST | WAHLSTROM 
Ready in April 247 pages $4.50 


PROGRESS IN CHROMATOGRAPHY, 1938-1947 
By L. ZECHMEISTER 
March 368 pages $8.00 


THE BIOCHEMISTRY OF THE NUCLETIC ACIDS 
A Methuen Biochemical Monograph 
By J. = DAVIDSON 


N 
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1950 3 pages $1.75 
New Ye PREPARATION OF ORGANIC INTERMEDIATES 
. By DAVID A. SHIRLEY 
_ Md, JOHN & SONS, Inc. Ready in May Approx. 308 pages Prob. $6.00 


) Fourth Ave., New York 16, N.Y. 
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POINTS OF SERVIC 


for Baker Analyzed Reagents 


73 of the leading laboratory supply houses in the United States and 
Canada, operating out of 47 cities, are ready to give you quick shipments 
of Baker Analyzed Reagents. 


This well established distribution system is a great tribute to Baker 
Analyzed quality, Baker Analyzed acceptance, and the Baker Analyzed 
label itself, which always bears an actual lot analysis. 


And with this Baker Analyzed quality and efficient service, you have 
another “plus.” You can save an extra 5 to 10 per cent by ordering in 


multiple case lots to one given point. 


Ask your distributor about the Baker Multiple Case Plan. This popular 


modern method of buying gives you quality, service, and price—all in one. ' 


J. T. Baker Chemical Co., Executive Offices and Plant: Phillipsburg, N.). 
Branch Offices: New York, Philadelphia, Boston, Chicago, Los Angeles. 


Baker Chemicals 


REAGENT 


TEXAS 

DALLAS 

Greene Bros., Inc. 

E. H. Sargent & Co., South- 
western Division 

Et Paso 

Denver Fire Clay Co. 

The Mine & Smelter Supply Co. 

HOUSTON 

W. H. Curtin & Company 

UTAH 

Satt Lake City 

Denver Fire Clay Co. 

The Mine & Smelter Supply Co. 


VIRGINIA 


_ RICHMOND 


& Bird, Inc. 


Phipps 


FINE 
WASHINGTON 
SEATTLE 


Scientific Supplies Co. 
WEST VIRGINIA 
CHARLESTON 
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Roemer Drug Co. 
WASHINGTON, D. C. 
The Henry B. Gilpin Co. 
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MONTREAL 
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Fisher Scientific Co.,-Ltd. 
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Central Scientific Co. of Canada Ltd. 
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Supplies, Ltd. 
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Cave & Co., Ltd. 
WINNIPEG 
Canadian Laboratory 
Supplies, Ltd. 


CUBA 

HAVANA 

Antiga Co., S. A. 
PUERTO RICO 
SAN JUAN 

H. V. Grosth Co... 


Please 


te (x 
i 
| ~ 
i > NEW ORLEANS 
d 
a 
Ag 
| 
oF 
Eberbach & Son Co., Inc. 
Detroit 
Harshaw Scientific 


VON CZOERNIG-ALBER 


SEMIMICRO COMBUSTION FURNACE 


ELECTRIC HEATING, FOR TEMPERATURES UP TO 750°C. 


SEMIMICRO COMBUSTION FURNACE, Electric, von Czoernig-Alber, A.H.T. Co. Specification, 
| CF complete with Sample Heater, for temperatures up to 750°C. For use with combustion tubes up to 16 
mm outside diameter. For elementary quantitative organic semimicro analysis, including determina- 
tions = carbon and hydrogen, nitrogen by the Dumas method, halogens and sulfur by the catalytic 
procedure. 


Provides uniform and constant temperatures within the ranges required for many types of semimicro 
tests simply by changing the position of the tube in the furnace, but the use of transformer or rheostat is 


nd suggested for critical work or when the temperature must be changed gradually. 
n 


The outside dimensions of the furnace body are 8 inches long X 3 inches deep X 21/1. inches high, 
Bak with chamber 8 inches long X 1!/, inches deep X */, inch high. The hinged front is of transite and can 
re be raised with unprotected fingers by wire handle. Mounted on an adjustable stand with leveling 
— screws and adjustment for centering and clamping combustion tubes. Furnace body can be moved 
laterally, either to right or left, on tracks 18 inches long; also moved forward or backward for approxi- 

= hn mately 2 inches. 


=e _ Sample Heater is of the hinged front type. Heating chamber is 4'/, inches long X 11/, inches deep X */, 
inch high. Furnished with heat deflector; and Type 116 Variable Transformer to maintain the input 

0 pular at maximum safe operating voltage of 80 volts; power consumption 300 watts. 
oe 5682-L. Furnace, Semimicro Combustion, von Czoernig-Alber, Electric, with Hinged Front Sample Heater, A.H.T. Co. 
N Specification, on adjustable stand, as above described. For use with semimicro tubes up to 16 mm outside 
g, N. J diameter. Complete with two Variable Transformers, T 116, two heat deflectors, two connecting cords with 
ngeles. plugs and snap switch, and directions for use. For 115 volts, 50 or 60 cycles, a.c., only; total power consumption 
G 5682-N. Ditto, Furnace only, without Sample Heater or Transformers. Complete with heat deflector, 5 ft. of cord with 
snap switch, plugs and directions for use. For 115 volts, a.c. or d.c. Power consumption 345 watts 115.75 

IAL Net weight 13 Ibs., 8 oz. Code Word 


. (Cont) NOTE—Two types of Furnace Drive are available for use with above Furnaces. Information sent upon request. 


: ARTHUR H. THOMAS COMPANY 


RETAIL — WHOLESALE — EXPORT 


chor LABORATORY APPARATUS AND REAGENTS 
WEST WASHINGTON SQUARE, PHILADELPHIA 5, PA., U.S.A. 
S.A. Cable Address “Balance,” Philadelphia 
RICO 
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CHEMISTRY CHEMICAL ENGINEERING 


PHYSICS 


— CHEMISTRY OF LUBRICATING OILS— 
ondi 


Written by an outstanding authority in the field, this book presents 
data describing the physical and chemical properties of lubricating oils. 
It attempts to provide a background for the correlation of properties 
with re other and with chemical composition and molecular structure. 
a emphasis has been given to the chapters dealing with problems 
of considerable practical importance, such as the temperature, pressure, 
and composition relations of viscosity, low temperature viscosity, the 
interrelation of the surface properties of lubricants and their bearing 
on such problems as emulsification, boundary lubrication, rust-preven- 
tion, detergency, etc., the mechanisms of oxidation and their relation 
to the performance characteristics of oils. Ample basic (theoretical) 
information and bibliographical references for each topic are provided, 
in addition to the description of experimental facts and their empirical 
correlation. May 1951, 450 pages, about $10.00 


MANUFACTURE OF BEET SUGAR—McGinnis 


Presents in a coordinated and readable form all the information pertain- 
ing to the beet sugar industry. This volume was prepared by a group of 
experts. It covers in detail the history, economics and especially the 
chemical engineering methods used in this rapidly expanding industry. 
It covers the growing of sugar beets and the extraction methods used 
in foreign countries as well as in the U.S. Special attention is devoted 
to the technical and agricultural aspects of the subjects. This volume 
will become a standard work of reference for everyone in the sugar 
industry for many years to come. 
May 1951, 500 pages, about $8.00 


WATER TREATMENT For Industrial and Other Uses— 


Nordell 


A clear, exhaustive, practical and up-to-date book on industrial waters 
—their impurities and methods of treatment to fit them for a great 
variety of commercial and other uses. Includes: chemical reactions; 
impurities and how they can be eliminated or reduced; water require- 
ments for industrial uses; current water-treatment practices in various 
industries; problems and practices relating to boiler feed waters and 
cooling waters; processes and equipment used in treating water; and 
extensive tables of conversion factors and equivalents and other im- 

rtant tabular data, all of which help to make this the most compre- 
Lensiee book on the subject ever published. 

1951, 525 pages, $10.00 


MODERN CHEMICAL PROCESSES—industrial & Engi- 
neering Chemistry Editorial Staff 

A significant collection of articles that deal with many modern chemi- 
cal processes operated on a full scale production level and never before 
so completely described. These include preparation of heavy chemicals, 
liquid fuels, food processing, synthetic rubber, chlorophyll, drugs, 
protective coatings, asphalts and others. A very useful reference for 
teachers of chemistry and chemical engineering. It is hoped to publish 
similar, carefully-chosen collections every two years. 


1950, 230 pages, $4.00 
DISTILLATION EQUILIBRIUM DATA—Ju Chin Chu 


The vapor-liquid equilibrium data presented here make available for 
the first time in a single volume an extremely valuable and handy refer- 
ence to information indispensable in the design, performance predic- 
tion, and operating characteristics of distillation equipment in the 
chemical and petroleum industries. This unique and systematic work 
is divided into three parts—binary, ternary and multi-component 
age fae totals 176 systems . . . the most complete and valuable 

ata of its kind available for dealing with problems in extraction and 
absorption. The tabulation includes all pertinent experimental results 
of workers in all parts of the world working with all kinds of equip- 
ment. 1950, 300 pages, $6.00 


INDUSTRIAL CHEMISTRY (5th edition)—Riegel 


This nationally established textbook covering 50 major industries is 
especially designed for students and for all who wish a handy cross- 
section presentation of the chemical and process industries. Ideal for 
those involved in industrial or chemical research. Replete with pro- 
duction figures, tables, charts, and diagrams of equipment. 

1949, 1,020 pages, illustrated, $7.50 


METALLURGY 


MATERIALS ENGINEERING 


REINH OL 


MATERIALS ENGINEERING 


METALLURGY PHY Si¢ 


BOOKS 


CHEMICAL ENGINEERING CHEMISTR 


CHEMICAL MACHINERY—Riegel 


The most complete, comprehensive volume in print on the subject 
Gives construction details, production capacity, and operating teh 
niques of all types of process industry equipment. No cther book 
plies this information. A real necessity for engineers, production super, 
visors, equipment salesmen. 

1944, 583 pages, illustrated, $6.00 


ALKALI SOILS—Kelley 


This new ACS monograph deals in considerable detail with a soil 
lem which, in recent years, is becoming of the utmost importance to thy 
agricultural areas of our western states. Dr. Kelley's researches x 
exhaustive and they provide a basis for dealing with the alkali 
problem which has heretofore been lacking. The book covers th 
causes of this phenomenon in terms of ion exchange—a field in whic} 
Dr. Kelley is renowned—and comparisons are drawn to the coné 
tion as it exists here and in Russia where much work has been done » 
the same subject. The basic researches of Hilgard and Gedroyz a 
discussed in great detail and all the pertinent evidence is presented an) 
evaluated. May 1951, ACS Monograph, 200 pages, about $5.00 


MARINE PRODUCTS OF COMMERCE (2nd ed: 
tion)—Tressler & Lemon 

This book, written by two world-famous authorities on foods and fish. 
eries with the aid of 14 internationally known experts in specializ! 
lines, presents the only complete treatise dealing in considerable deta 
with all commercially important products of the sea. The enormoy 
amount of descriptive information and reference data contained in i 
800 pages covers everything you'll want to know about foods, chemi 
and many other valuables thus far unlocked from the oceans’ vast 
ures. 1951, 800 pages, $18.00 


THE CHEMICAL TECHNOLOGY OF DYEING 


PRINTING—Diserens (Trans. and revised from 2nd German edi 
tion by Wengraf & Baumann) 
This volume will be welcomed by the American textile industry. It 
a translation of a portion of a three-volume treatise by the French ter 
tile expert Louis Diserens, and represents the most up-to-date inf 
tion on textile dyestuffs that is now available. It is an essential 
for all textile research chemists, manufacturers of organic dyestuffs, 
well as for technical and industrial libraries. 


1948, 500 pages, $13.50 


CHEMICAL TECHNOLOGY OF DYEING & PRIN! 
ING, Volume Il—Diserens 


With this book, the translators end the work they started in the fir 


volume of this treatise. Volume II completes the survey of application’ 


of all the dyestuff groups omitted in the first volume. It includes th 
basic and substantive dyestuffs, pigments, and aniline black, as wells 
dyestuffs for acetate cellulose, nylon and other synthetic fibers. Ni 
other book on textile processing has ever given the chemistry of tk 
reactions taking place on the fiber so thoroughly. Processes are cleatl 
defined for the chemist, the dyer and the colorist. The text is comple 
with bibliographic literature and patent references 
April 1951, 600 pages, about $12.00 


THE CONDENSED CHEMICAL DICTIONARY (## 
edition)—Turner 


This famous reference book is now larger and more yo ap than eve. 
It covers all recent developments, new substances, trade names, us 
formulas, properties, synonyms, derivations, containers, 
shipping instructions, safety regulations, and will be of utmost value 
to everyone needing quick, accurate information on chemicals and 
lated materials. 1950, 760 pages, $12.00 


LABORATORY DESIGN—Coleman 


Architects, research directors, technical men and executives alike wil 
need this book, which is the latest report of the Committee on Desig 
Construction and Equipment of Laboratories of the National an 
Council. It contains chapters contributed by outstanding authorits 
on laboratory design and construction from both the scientific : 
architectural points of view. The book is excellently organized ia” 
four major parts; materials, services, facilities and equipment; teachil 
laboratories, industrial laboratories; and concise descriptions ot vat 
ous types of modern laboratories. 

1951, 370 pages, 9 x 12, illustrated, $12.00 
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MAKE IT STANDARD PROCEDURE 


TO MAKE STANDARD your SOURCE OF SUPPLY 
FOR ALL LABORATORY NEEDS 


EXTRA SMALL . . per doz. $1.35 
SMALL SIZE . . . per doz. $1.45 
MEDIUM SIZE . . per doz. $1.68 


STAINLESS 
STEEL 
LEASHES 


FOR LABORATORY GLASSWARE 


= Here’s the efficient way to eliminate 
= the annoyance of lost or misplaced 

lass stoppers and stopcock plugs! 
These Stainless Steel Leashes insure 
keeping these items with the pieces of 
glassware, to which they belong, at all 
times. 


The LEASHES fit the glass 
snugly and hold tightly, yet do 
not interfere with the expansion 


or contraction of the glass 
under normal temperature 
changes. Made of cor- 
rosion-resistant stainless 
steel, they are non-rusting 
and resistant to oils. So 
long is their life that they 
usually outlast the glass- 
ware to which they are 
attached. It is then a sim- 
ple matter to transfer them 
to new glassware. 


To attach, the small spring 
loop is slipped 
stopper or stopcock plu 
the large loop is | 
over the neck of the vessel 
or the shell of the s ock. 
The five sizes, listed below, 
provide a range to fit prac- 
tically every size and type 
of glassware. 


No. 9455 

LARGE SIZE . . . per doz. $1.90 
EXTRA LARGE. . per doz. $2.10 
ASSORTED SIZES per doz. $1.80 


Only a few seconds are required to convert a regular 
stopcock to a PRESSURE TIGHT STOPCOCK with 
one of these cleverly designed ADAPTERS. They are 
carefully machined from an aluminum alloy po | 
neat in appearance on the glass apparatus. 


DESCRIPTION OF PARTS in the order in which they 
are applied: 1) Split and threaded member with inner 
ridge which seats into groove of glass plug. 2) Cylin- 
drica] sleeve to compress inner ridge of Part 1 into 
groove of plug. 3) Tension spring which presses 
sleeve against stopcock housing. 4) Control] nut, to 
vary spring pressure against sleeve. 5) Lock-nut to 
assure permanent desired seating-pull on plug. 


No. $440A For 2mm ” Brand STOPCOCKS . . . . each $1.50 
No. 9440B For 4mm “Pyrex” Brand STOPCOCKS . . . . each $1.50 
No. 9440 For 2mm Kimble STOPCOCKS......... each $1.50 


STOPCOCK 
ADAPTERS 


IDEAL FOR USE WITH 
2mm and 4mm STOPCOCKS 


are 


STANDARD SCIENTIFIC SUPPLY CORP. 


4 West 4th Street 


New York 12, N. Y. 
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USED WHERE DEPENDABILITY AND 
ACCURACY ARE THE WATCHWORDS 


BOEKEL viscosimeters, manufactured according to A.S.T.M. standards, are fabricated from highest 
quality materials and individually tested before they leave the factory. 


In research, as well as industrial laboratories, or where ever there is a need for an accurate viscosity 
test, the various types of BOEKEL viscosimeters can be found. 


The Engler viscosimeter shown on the left above is the modified type. It is used in the testing of tar 
and petroleum products as set forth in the A.S.T.M. standard method D-490. 


The Saybolt type viscosimeter on the right, available with interchangeable Universal or Furol tip for the 
oil tube, is primarily used in the testing of heavier oils. 


0 
4 LISTINGS 


#1526 SAYBOLT VISCOSIMETER #1530% ENGLER—Modified 
Universal and Furol Gold Plated Cup « Platinum Outlet Tube 


+ |} BOEKEL PRODUCTS ARE KNOWN BY THE TRADE MARK DIS THROUGH LABORATORY SUPPLY DEAL | 
KNOWN BY THE LA ERS 
Manufactured by » ENC, PHILADELPHIA 6, PA. : 
. 
L, lease mention CHEMICAL EDUCATION when writing to advertisers 7 


Concerned about ACCURACY? CORROSION? HARD USAGE? 


Choose these OHAUS 


Balances with 


stainless steel 


3471 DOUBLE BEAM BALANCE 
(Harvard Trip) 


Weighs up to 210 grams without loose weights 


This accurate trip scale is equipped with round 
stainless steel plates and stainless steel beams to 
give maximum protection against heat, corrosive 
chemicals and accidental sharp blows. The lower 
beam is graduated to 200 grams in 10-gram sub- 
divisions, and the upper beam to 10 grams in 
V¥9-gram subdivisions. This permits weighing up 
to 210 grams without need for additional loose 
weights. Patented self-aligning bearings of high 
rade polished agate insure minimum friction. 
pacity, 2000 grams; sensitivity, }{o gram 


ALSO available from stock with single beam, 
graduated 0 to 10 grams; or with Opalite moulded 
glass plates instead of stainless steel plates. 


3991 BALANCE WEIGHTS 
Metric, Class C, ““Ohaus.”’ 


An inexpensive but accurate 
set of weights for educational 
use, individually adjusted to 
well within Class C toler- 
ances. Weights are packaged 
in a compact clear-view plas- 
tic case, complete with stain- 
less steel forceps. Weights 
from 1 to 50 grams are polished lacquered brass; frac- 
tional weights are satin finished aluminum. Set from 10 
mg to 50 grams. Total weight capacity 101 grams. $2.75 


ATLANTA 3, GA. 
SOUTHERN SCIENTIFIC CO. 


BUFFALO 5,N.Y._ 
BUFFALO APPARATUS CORP. 


3486 TRIPLE BEAM BALANCE 


Capacity 610 grams without additional weights 


This more highly sensitive balance is particularly suited 
for educational use, as it eliminates the need for sepe- 
rate weights. It is equipped with a stainless steel plate 
and stainless steel relief-etched beams that give clear 
accurate readings. The center beam weighs from 0 to 
500 grams in 100-gram subdivisions; the back beam 
weighs from 0 to 100 grams in 10-gram subdivisions; 
and the front beam weighs from 0 to 10 grams in 
Yo-gram subdivisions—making a total capacity on 
the beam of 610 grams. Sensitivity is 0.05 act aa 


3488 AUXILIARY ATTACHMENT WEIGHTS. 


For use with the No. 3486 Balance, above, to increase 

capacity to 2610 gms. 

Capecity, grams. 1000 
$.95 $1.55 


NEW YORK 12, N. 
WILL CORPORATION 


SERVING SCIENCE THROUGH SUPPLY 


ROCHESTER 3, N.Y. WILL Corp, CORPORATION of Md. 
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How PYREX Brand 
LABORATORY WARE 
Helps Cut 
Replacement Costs 


CORNING GLASS WORKS Corning, N.Y. 


1851 « 100 YEARS OF MAKING Gass BETTER AND MORE UsEFUL . 1951 


sam 
®, an PYREX brand laboratory ware has 
esistance to th 
the extra long dependab] ut use. And 
ibe 4 pecially these da Ss of risi you, 
YS Of rising costs Acc 
a astern College for 
show that PYREX brand test tub example, 
ices chemical characterise; § Of physical and 
ISCICS . . . SO Caref; ll 
FENN that all the Properties essential ully carried out 
i their maximum value See your labo intained at 
now about your future PYREX Joratory dealer 
9 
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EDWARD WICHERS 
1942—Present 


W. F. HILLEBRAND 
1917 


CHAIRMEN OF THE 
COMMITTEE ON ANALYTICAL REAGENTS 
OF THE W. D. COLLINS 
“AMERICAN CHEMICAL SOCIETY cy 1920-1942 
1903—1951 


“To these Chairmen and the-men who have served 
on their committees—the chemical profession owes a debt of 
gratitude. Their devotion to an ideal of perfection has 
~ made trustworthy reagents readily available. 


Through the efforts of the Committee on Analytical Reagents, 
standards of reagent purity, once unattainable, 
have been established. Culminat'ng nearly half a century 
of continuous effort, the 1950 Edition of the A.C.S. 
Analytical Reagent Specifications is a monument to the labors, 
the vision, and the judgment of these men. 
Mallinckrodt, long a manufacturer of Analytical Reagents 
of highest purity, commends them for their 
J. H. LONG service to science. > W. D. BIGELOW 
1903-1915 1917-1919 


More than 400 Analytical Reagents 
can be supplied from the stocks of 
your preferred Mallinckrodt dealer . . . 


ANALYTICAL 


MALLINCKRODT CHEMICAL WORKS 
ST. LOUIS + NEW YORK 

Chicago’ - Cincinneti Cleveland los Angeles 

Philadelphia Son Francisco + Montreal + Toronto 


+ MANUFACTURERS OF FINE CHEMICALS FOR MEDICINAL, PHOTOGRAPHIC, ANALYTICAL AND INDUSTRIAL PURPOSES + SINCE 1867 + 
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This moderately priced balance possesses features which pa@ aed 
g hing, speed, and accuracy usually found only in higher p 


About the VISIGRAM— Specifications 


The VISIGRAM is a direct reading device which Capacity: 200 grams on each pan. 

greatly increases accuracy, speed and convenience of Knives: Selected agate. 

analytical weighing Sensitivity: .05 milligrams with full load. 

J Bearings: Optically flat polished agate. 
4 The VISIGRAM uses the chain to give a DIRECT Beam: Hard rolled aluminum alloy 6” long. 
READING of weights below 0.1000 gram. The weight Arrestment Mechanism: Vertical with three-point 


is read in numerals on a counter at the eye level. The support. 

inconvenience of interpolating a vernier is eliminated Base: Black Slate 

and inaccuracies due to parallax or other visual dis- pans: 2.5” diameter, polished, with chromium plated 


tortions are non-existent. bows. 
Visigram, Notched Beam: Dumb-bell shaped rider 


A reading is made instantly and accurately to the ; 

- 7 with fork mechanism prevents rider from falling off 
fourth decimal place and the fifth decimal place can beam. Provides 1.1 grams without additional weights 
be estimated if desired. or riders. Equipped with equilibrium adjustment 


mechanism with built-in Magnetic Damper. 


The VISIGRAM is equipped with ball bearings 
throughout, which insures smoothness of operation, 
so that the maximum weighing accuracy can be main- 


tained. A simple equilibrium adjustment is provided. he ARSH AW Sci a MM FIC 


The device has been carefully designed so that all DIVISION OF THE HARSHAW CHEMICAL CO. 
working parts of the balance are in view and accessible. CLEVELAND Se 
H-2460-50—Voland Analytical Balance with 
land, O 
VISIGRAM, notched beam and built-in 
Magnetic Damper. ..... . $355.00 Detroit, Michigan Philadelphia, Pa. 
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Delivery from HARSHAW Stock 
5 é 
Beat, | | mbj 
Notched | ination 
nd Magnetic ccy 
balance is especially useful in general laboratory work where accuracy 
With is required. Although sensitive to .05 milligrams under full load, it 
rough usage. Vide con- 
venience in we balances. 


GENERAL CHEMISTRY. New 2nd Edition 


By Joun A. Timm, Simmons College. 764 pages, $5.00 


By the addition of new material and more detailed treatment of reactions important to the study of 
qualitative analysis in the laboratory, the revision of this successful text places relatively greater 
emphasis on the descriptive chemistry of elements and their compounds. As before the book re- 
tains its comprehensive treatment of the structure of matter and the forces acting between structure 
particles. 


LABORATORY EXERCISES IN GENERAL CHEMISTRY 


By Joun A. Trmm and Raymonp E. Neat, Simmons College. 231 pages, $2.75 


The laboratory manual to accompany Timm’s General Chemistry or other general chemistry texts. 
Enough exercises are included to cover the requirements of laboratory work for a year’s course. 


THE SCIENCE OF CHEMISTRY 


By GeorceE W. Warr and Lewis F. Hartcn, University of Texas. 566 pages, $5.00 
A first chemistry text designed and written exclusively for the so-called ‘“‘cultural” or ‘‘terminal”’ 
Course. Sufficient emphasis is placed upon the fundamentals and the applications of chemistry 
to give the student an understanding of the science. The text is unusual in that it includes organic, 
biological, agricultural, and medical chemistry. 


CHEMICAL LABORATORY EXPERIMENTS 


By Georce W. Warr and Lewis F.Hatcn. 185 pages, 43 experiments, $2.25 
This manual is designed to accompany The Science of Chemistry and the arrangement of experiments 
is related to the order in which various topics are considered in the text. The experiments are rela- 
tively simple and may be performed with less expensive materials and equipment, while the num- 
ber of experiments permits considerable latitude in selection for assignment. 


Send for copies on approval 


McGRAW-HILL BOOK COMPANY, INC. 


330 WEST 42nd STREET, NEW YORK 18, N. Y. 
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PURITY 


‘as helping serve in the 


: advancement of American Sciences 


--- Since 1882 


GENERAL CHEMICAL DIVISION 
ALLIED CHEMICAL & DYE CORPORATION 
40 Rector Street, New York 6, N. Y. 


‘ “oc OFFICES IN INDUSTRIAL CENTERS FROM COAST TO COAST 


Re oun ut : 
: 
AKER & ADAMSON 
| 
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BLAKISTON TEXTS- 


NEW? 


Schwenck and Martin’s 


BASIC ORGANIC CHEMISTRY 


For A One-Semester Course 


A logical and well-organized presentation of the funda- 
mentals of organic chemistry for a one-semester course. 

Throughout, the authors have correlated the principles 
of organic chemistry with those of general chemistry by 
using the electronic structure approach. The subject— 
discussed in 20 short chapters—is introduced at once by a 
study of carbon. The material from that point on is de- 
veloped in logical manner—each functional group is dis- 
cussed under the headings of naming, structure, prepa- 
ration, reactions, and special compounds. Each chapter 
contains a prologue, a group of questions, and classroom- 
proved charts as visual summaries of preparations and 
reactions. The I.U.C. system of nomenclature is used 
throughout for clarity of presentation. 

Of unusual importance is the section on organic chemis- 
try and its relation to modern warfare and to civilian wel- 
fare in war and peace. 


45 Illustrations—323 Pages—$4.50 


NEW?! 
Wertheim’s 


TEXTBOOK OF 
ORGANIC CHEMISTRY 


_ 8rd Edition For A Two-Semester Course 


New material, references and teaching aids have be 
added to bring this famous text—long recognized as 
leader for a beginning course in organic chemistry 
pletely up-to-date. This new 3rd edition now includes 
electronic approach and places double bonds througho 

It includes discussions of new processes—Fische 
Tropsch process, continuous soap making, the Germ 
Prussic acid process, cold rubber, and Telomerization 
new compounds—invert soaps, osotriazoles, 2,4-D, antiff 
histaminics, filterable viruses, antibiotics; new reactions 
chloromethylation, Clemmensen reaction, Reformats 
reaction. 


All literature references have been critically reviewed 
new ones have been added. New questions and proble 
have been added to each chapter. 


105 Ilustrations—958 Pages—$5.00 


Laboratory Guide 
For Organic Chemistry 


3rd Edition 


@ This manual was written to accompany 
Wertheim’s “Textbook of Organic Chem- 
istry.” All experiments are written in a 
clear, concise, direct manner. Bound 
in washable material. 


24 Illustrations—457 Pages—$3.25 


Introductory 
Organic Chemistry 


2nd Edition 


© By emphasizing the fundamentals and 
Fogo J the technicalities, this text has 
been labelled as one of the most teachable 
ic texts It de- 

preciation of the significance 
of the be graphic formula, the importance of 
the reactions of com unds, and the 
relationships of simp compounds to 
each other. For one semester. 


84 Illustrations—473 Pages—$4.00 


FAMOUS WERTHEIM TEXTS 


Experiments In 
Organic Chemistry 


2nd Edition 


© This manual was written to accomp 

Wertheim’s “Introductory Org 

Chemistry.” Experiments of the pr 
erties type predominate. All are 

signed for performance with limited 

simple equipment. 


34 Illustrations—221 Pages 
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Jones’ INORGANIC CHEMISTRY 


The fundamental concepts of inorganic chemistry are 
presented in a clear and logical manner throughout this 
text. Atomic structure and valence are presented 
from a modern point of view with the result that the 
student is able to keep abreast of recent developments 
in the field 


The text includes excellent practical problems and 
equations to be balanced, illustrations, and many teach- 
ing devices to clarify the basic information. 


247 Illustrations—866 Pages—$5.00 


ci Jones’ LABORATORY EXERCISES 
“ia IN INORGANIC CHEMISTRY 


Your Chemistry Classes 


Griffin's INORGANIC 
QUANTITATIVE ANALYSIS 


Written for either a one- or two-semester course in 
elementary quantitative analysis. The first four chap- 
ters stress the necessity for exactness and for a thorough 
understanding of the chief tools and factors influencing 
the accuracy of results. Next, the theory of the funda- 
mentals of volumetric analysis and of gravimetric 
analysis are explained, followed by special methods of 
analysis. 

Experiments follow each theoretical discussion. 
Answers and solutions to the problems found through- 
out the text are available to teachers. 


44 Illustrations—368 Pages—$4.50 


COMING! Griffin & Plunkett’s INORGANIC 
SEMIMICRO QUALITATIVE ANALYSIS 


This new text combines an explanation of the theo- 
retical principles upon which qualitative analysis is 
based with a workable scheme of analysis for both 
cations and anions. Problems in graded groups and 
experiments requiring only the simplest equipment 
make the book suitable for a one-semester course. 


Y¥—00 These exercises are designed to increase the student’s 

ud knowledge of formulae, equations, and apparatus. e 
es first section contains the exercises, and the latter part, 

oughor detachable sheets to be turned in. 

-Fischer 20 Illustrations—315 Pages—$2.25 

Ge m 

ization Grant’s HACKH’S CHEMICAL DICTIONAR Y—3rd Edition 

D, anti ‘The extensive progress in all branches of chemi d related 

actions defined in a concise and intelligent manner. 217 bescteations— 

925 Pages—$8.50 


Hill & Kelley’s ORGANIC CHEMISTRY 


viewed A systematic and logical development of fundamental chemical 
theory for a one- or two-semester course. An introductory md 
prob! el on the theory of organic molecules and the reasons for their 
cal behavior gives the student a clear explanation of A dng 
Atomic structures, ge, the nature and s of bond, reso- 
wipe iar are discussed. Throughout, the text de- 


a broad, general view of organic chemis this text—fc 
rat course—was planned as a basis for f Th study i no 


eet dealing with hormones, carbohydrates, vitamins, and 
related compounds is included. Compounds used in medicine and 
pharmacy—their p ae ~ yy! action and manner of adminis- 
tration—are also included Pages—$5.50 


Hoff’s SECONDAR Y-SCHOOL SCIENCE TEACHING 
An orderly guide of how to teach science in junior and senior high 


Unit 1 considers the educational value of science and the teacher's 
responsibilities. Ly 2 studies the content of science in the second- 
ary school. Unit 3 discusses the function of method in teaching. 
Units 4 and 5 3 *.. specific ao and supplementary fac- 
tors such as clu s, ail 

Sample tests are included and teaching units are out- 
lined. There are many references, study questions, problems and 
projects. 303 Pages—$3.75 


Henry’s THE PLANT ALKALOIDS—4th Edition 


An enlarged and completely rewritten edition of a standard refer- 
ence work containing an extensive and very complete survey of the 
literature of alkaloids. The —— on nes Seat the more important alka- 
loids describe the properties, their methods of esti- 
ey physiologic action and ghaenstiogioant action. 804 Pages— 


Williams’ OILS, FATS AND FATTY FOODS—3rd Edition 


This new edition of a standard reference presents new and modern 
methods of examining edible edible oils and fate—those methods which 
have reduced the labor of anal have led to a more positive 

ition of particular oils fats either alone or in a 
ana teed introduced standards of accuracy and precision 
ages—$10.00 


Oo 
OSchwenck & Martin’s “Basic Organic Chemistry” 


(Wertheim's in 
OGriffin & Plun! 
handy OHill & Kelley's “Oreani Chemistry" 


coupon Henry's Plant ‘Alkaloids 


lo order 


copies 
today! 


Blakiston Company, 1012 Walnut St., Philadelphia 5, Pa. 
Please send me the following books. D teacher's 90-day examination 
personal use. 


OWertheim’s “Lab Guide ganic Chemistry” —3rd Ed. 
OWertheim’s “Introductory Or, ‘Crean Chemistry”—2nd Ed. 
ganic Chemistry”—2nd Ed. 


Use this CiJones" “Laboratory Exercises in Inorganic, Chemistry” 


The Blakiston 


J.C.E. 4-51. 
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Other Triple Beam 
Balance on the Marke 


Vda YY 


TRIPLE BEAM BALANCE 
STAINLESS STEEL PLATE BEAMS 


Its 2610 gram capacity puts the Ohaus Triple 
Beam Balance in a class by itself. This is made 
possible by the use of two attachment weight 
pivots, to each of which can be added a thou- 
sand grams. The result is a total capacity for 
the scale of 2610 grams. 


Thus, the Ohaus Triple Beam Balance can take 
more material to be measured in one loading 
than any other triple beam balance on the 
market. 


The stainless steel plate and beams assure 
long life for the scale, because practically no 


chemical reactions or accidental physical blows 
can affect the scale. It is particularly accurate, 
because the steel tongues on the sliding poise 
fit perfectly into the accurately milled notches 
at every beam calibration, thus insuring abso 
lutely correct positioning. 


Ohaus's patented self-aligning bearings assure 
minimum friction and full contact with knlfe 
edges at all times. The scale shown is only one 
of a complete line of Triple Beam Balances— 
featuring removable pans, scoops, animal cages: 
and tare beams — which further point up the 
versatility of Ohaus Triple Beam Balances. 


Write for Complete Catalog and Name of Dealer Nearest You. 
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Kimble Culture Tubes No. 45048 and No. 45066 (with screw cap). 


Provided with sandblasted spot for marking. 


Their long, useful life means low costs for you 


Fewer culture tubes are broken than 
are retired from use because of etch- 
ing and scratching. Tubes that stay 
clear provide the longest service— 
give you the lowest costs. - 

Kimble Culture Tubes are made of 
Kimble N51A glass—a borosilicate 
glass that has higher chemical dura- 
bility than any other available. 


KIMBLE GLASS 1, ono 


Division of Owens-Illinois Glass Company 


In laboratories across the nation, 
tubes of Kimble N51A glass outserve 
others by wide margins. They espe- 
cially resist alkaline and neutral solu- 
tions, including hot water and steam. 

Make tests yourself. Use Kimble 
Culture Tubes side by side with any 
others available. Match them for clar- 
ity, for long life, any way you want. 


Please mention CHEMICAL EDUCATION when writing to advertisers 


Your own records will show you how 
well these tubes serve... how much 
they can save. 

You'll find, too, that Kimble Cul- 
ture Tubes are the lowest-priced 
borosilicate tubes on the market. Your 
laboratory supply dealer will be glad 
to give you complete information 
about prices, types and sizes. 
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For April Publication 


2ND EDITION ... WHITMORE’S ORGANIC CHEMISTRY 
By The Late FRANK C. WHITMORE, Ph.D., Sc.D. 


With the Assistance of Members of the Chemistry Department of 
The Pennsylvania State College and Consultants from Industry 


REVISIONS, ADDITIONS INCLUDE: Bringing up to date sources, methods of preparation, 
—— and reactions for thousands of compounds contained in the first edition and for the 

undreds of new compounds that have been d to this new, second edition. Special attention 
to the development of new, commercial processes for chemical synthesis such as Fischer, Tropsch 
and Ozo reactions. An enlarged and comprehensive index has been included patterned after 
the CHEMICAL ABSTRACTS style. Complete references are now included in the body of 
the text, and references are numbered consecutively within each major division of subject matter. 
LEVEL OF THE TEXT—Designed for advanced students in organic chemistry for use in graduate 
study and graduate courses. AS A REFERENCE TEXT, this book is unparalleled. 


918 pp. Approx. —_____ Cloth _______ 6 x 9_______ Enlarged, Comprehensive Index, $9.00 


2ND EDITION ... INSTRUMENTAL METHODS OF ANALYSIS 


By HOBART H. WILLARD, Ph.D., LYNNE L. MERRITT, Jr., Ph.D., and 
JOHN A. DEAN, Ph.D. 


NEW CHAPTERS have been added entitled Polarimetry, Chromatographic and Ion Exchange 
Methods, and Miscellaneous Methods. REVISIONS and Enlargements have been made on 
the present chapters entitled X-Ray Diffraction Methods, Radioactivity, Photoelectric Colorim- 
eters, Thermal Conductivity and Other Titration Methods, Conductometric Titration Methods, 
Electrolytic Separation of Metals, Polarography and Amperometric Titration Methods. NEW 
INSTRUMENTS are described and illustrated. PURPOSE OF TEXT—To provide a usable 
course in a field wherein there is no similar work combining text and laboratory guide. LEVEL— 
The course is primarily designed for senior and graduate students, but it may be desirable for 
juniors. 

324 pp. approx.—814 x 11 (Set Double Column)—Rugged Cloth—TIllustrated—Price $5.00 approx. 


CHEMICAL ANALYSIS OF 
FOOD AND FOOD PRODUCTS 


By MORRIS B. JACOBS 
Brooklyn Polytechnic ee ~~ York City Department of 
lea 


THE PHASE RULE AND 
HETEROGENEOUS EQUILIBRIUM 


By JOHN ETTORE RICCI 
Professor of Chemistry, New York University 


As an adequate treatment of the Phase Rule in the 
English language, Dr. Ricci’s new volume fills a real 
need at a time when the Phase Rule is a subject very 
much in the forefront of chemistry. The book includes 
a systematic elaboration of phase relations for systems 
of one to five components. Emphasis is on the inter- 
connection between familiar phase diagrams of systems 
of various orders, or numbers of components. 


NEW 2ND EDITION—Markedly enlarged. Each 
chapter considerably expanded and brought up to date. 
New Chapters on the chemical toxicological analysis of 
foods, organoleptic analysis and determination of filth 
in foods, the analysis of vegetables and food flavor 
measurement. Virtually all governmental definitions 
of foods are included. AD ABLE TO A ONE- 
SEMESTER OR A YEAR COURSE for Seniors. 


640 pp. approx._—Cloth Illus ——6 x $9.00 


440 pp. approx.— 6 x 9——Cloth_—Diagrams——$12.00 


JOURNAL OF CHEMICAL EDUCATION, APRIL, % 


wa 


Please me 


| 
i 
| 
: 
| | 
b 
H 
| 
| 
| 
| 
| 
| 
ong 
: 
Ay 
S 
250 FOURTH AVENUE NEW YORK 3, NEW YOR 
18 
, 


| 


for Beginners 


Modern Texts in College Chemistry | 


GENERAL CHEMISTRY for COLLEGES 


by JELKS BARKSDALE 
Alabama Polytechnic Institute 


This text is primarily intended for the student who has received no previous 
training in chemistry. It meets the broad requirements of a general service 
course, and also contains such additional material as determination of. atomic 
and molecular weights, derivation of formulas, ionization constant, solu- 
bility product constant, oxidation-reduction equations, and the heavy metals. 
This makes the book sufficiently inclusive for a thorough foundation course. 


Dr. Barksdale has based his arrangement and treatment of topics on his 
wide teaching and industrial experience. A proper proportion is maintained 
between chemical principles and description of the elements and their com- 
pounds. Principles are introduced where they appear in the discussion of 
chemical substances so that they may be illustrated and correlated with actual 
examples. The Periodic Classification is followed throughout. The labora- 
tory manual offers a wide selection of experiments which parallel the topics 
covered in the text. 


580 pages 


75 figures 44 plates $4.75 


GENERAL CHEMISTRY esition 


by HERMANN I. SCHLESINGER 
University of Chicago 


During the many years that the author has taught general chemistry, he has 
continuously experimented with methods of organization and presentation 
of the subject matter. His work with The Army Specialized Training Pro- 
gram ees unique opportunities for such experimentation. The fourth edi- 
tion of this well-known work offers new descriptive matter, a new order of 
presentation, a new treatment of organic chemistry and other improvements 
that will facilitate learning. 


Although this book retains much that was characteristic of earlier editions, 
it has been almost completely rewritten. Greater emphasis has been placed 
on comparison and contrast, as illustrated in the simultaneous treatment of 
—_ and hydrogen, and of the alkali and alkaline earth groups. The text 
is adaptable to courses of different lengths, and no previous training in chem- 
istry is assumed. Dr. Schlesinger believes that college chemistry, to be 
stimulating and of the maximum benefit to the student, should be analytical 
rather than descriptive, and should be an intellectual exercise rather than a 
feat of memory.¢ 


811 pages Illustrated Tables $5.50 


EXAMINATION COPIES SENT ON REQUEST. 


LONGMANS, GREEN & COMPANY, INC. 


SSPIFPTH AVENUE, MEW YORK SS, N.Y. 
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SPECTROPHOTOMETERS 


save time because they are 
accurate and easy fo use 


as long as the chemistry remains unchanged. 


Accuracy is based on simple design. No prisms, no 
filters, no intricate mechanisms to complicate the procedure. 
True measurements of transmitted light are made with the 
most simple technique. 


Reliability is based on simple construction — no 
amplifiers or vacuum tubes which change with time. No 
complex mechanisms to wear out or require 

attention. Stable, rugged components... 
sound, solid construction mean trouble- 
free operation year after year. 


JUNIOR SPECTROPHOTOMETER. 
Model 6A. For rapid routine analysis 
and control... and for research where 
only spectrochemistry is involved. 


WRITE FOR BULLETIN BB-211. 


Speed is based on ease of operation. Wave lengths are precisely selected 
by one dial. No calculations or adjustments for band-pass corrections. Fixed 
band-pass means instant reproducibility, and procedure calibrations stay valid 


UNIVERSAL SPECTROPHOTOMETER. 
Model 14. A multi-purpose instrument for 
Spectrochemistry, Photo-fluorometry, Nephe- 
lometry and for Spectro and Electro titrations. 


WRITE FOR BULLETIN BB-212. 
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4 Revision... 


GENERAL 
COLLEGE CHEMISTRY 


Third Edition, 1951 
JOSEPH A. BABOR and ALEXANDER LEHRMAN 
College of the City of New York 


For nearly a quarter of a century General College Chemistry has been recognized as one of the most 
usable, modern, and authoritative presentations of the fundamentals of the subject available to 
the serious student. It has been widely used as a text not only in the United States and Canada but 
also (in its Spanish Edition) in many universities in Spain and Latin America. 


The authors and publisher have therefore spared no effort in revising and completely resetting 
the book to make the Third Edition even better than the First and Second Editions. 


Distinctive features of the book are: 


1. Early introduction of atomic structure and its application (as each topic is reached) to chemical activity, valence, 
stability of compounds, properties of solids, etc. 


2. Extensive application of theory to matters of general interest, especially in such fields as agriculture, industry, 
and medicine. 


3. The thorough explanation and constant use of the cancellation of dimensions and units in solving problems. 
Footnote references and reading suggestions at the end of each chapter. 
5. Three-dimensional illustrations in perspective replacing earlier diagrammatic drawings. 


May, 1951 700 pages (approx.) 166 figs. Probable price, $5.00 


A New Laboratory Manual... 


EXPERIMENTAL STUDIES IN 


BASIC COLLEGE CHEMISTRY 


EVERETTE L. HENDERSON 
University of Detroit 


The experiments presented in this laboratory textbook are arranged primarily for use with Basic 
College Chemistry by Joseph A. Babor but may be used with any standard textbook, several of which 
are keyed to the manual. 

The manual is intended to emphasize certain fundamentals of chemistry and to illustrate scientific 
methods and manipulations. It has been tried dut in preliminary editions with several hundred 
students during the past four years. 

Extended discussion materials at the beginning of each experiment familiarize the student with the 
intent of the experimental studies that follow. 

Review Questions and Problems and the procedural questions have been arranged to develop 
the student’s powers of observation and interpretation. They also serve to correlate the experi- 
mental studies with the lecture and recitation studies. 


May, 1951 250 pages (approx.) 50 figs. Paper covers, probable price, $2.50 


Send for copies on approval 
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THE CENCO- 
MEGAVAC PUMP 


combines in a single mechanical unit 
high ultimate vacuum with high pump- 
ing speeds for fractional distillations, 
temperature and pressure measure- 
ments and other laboratory or pilot plant 
procedures which require fast initial 
evacuation. This unit is proved for de- 
pendable and trouble-free service. Speed 
at 1 micron, 375 ml; vacuum, 0.1 micron 
or better. Available with motors for va- 


rious voltages and frequencies. 


4 . Write Dept. E for engineering 
Bulletin 10 “High Vacuum Equipment.” 


CENTRAL SCIENTIFIC COMPANY 


Scientific Instruments « Laboratory Supplies 


1700 Irving Park Road, Chicago 13 
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ANOTHER MERCK 


Write Today For Your Free Copy of This 


New, Handy Chemical Reference Chart 


FORMULA CALCULATIONS 
Multiples of Element Weights DESIGNED FOR LABORATORY 
Log C/CO, = .43599 Log H,/H,O = .04883 AND CLASSROOM USE: 
Number Log Number Log Number Log 
Prompt Classification of Organic Com- 

608s 0. 3062 (easy reference to the 9 basic 

| err | Rapid Calculation of Higher Molecular 

Cy» 120.10 .0795 | Hie 10.08 0035 | O, 160 Weights for Compounds Containing 

Gu | 2.02, C, H, O, N, Cl, Br, I. 

156.13 “1938 Hs (logarithms of multiple elements 

C, 18015 (2556 | Hy 15.12 1796 70.04 in one handy table.) 

C, 192.16 2837 | Hy 16.13  .2076 84.05 

Cy 96.18 

THE SOLUBILITY CLASSES on All this useful information, including 

logarithm tabie and latest atomic weights 
in one handy chart, folded and punched 
to fit your notebook. 

Continuing a long tradition of scientific service, we 
are happy to make this latest informational chart 
available to the chemical profession and to the many 
thousands in its ranks who depend in their daily 


work on the unvarying purity of Merck Laboratory 


MERCK 
LABORATORY 
CHEMICALS 


Other Merck charts available include: 


= Reactions Rahway, New Jersey, Dept. ED-4 | 
is Chart 

Please send ...... copies of your new Chemical | 

Formula Calculation Chart. | 


MERCK & CO.,INc. 
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MANUAL 


E. H. Sargent & Co., the manu. 


amr 


The Model III is recommended: 

(1) In those routine analyses where only one substance 
is determined and where the step shape approximates 
a pure form, characteristic of reversible reactions in- 
volving simple ions in fairly substantial concentrations. 
In such cases, step height may be measured as the differ- 
ence between two points, one on the residual current 
plateau and one on the diffusion current plateau. For 
measurements of this type, a simple manual instrument 
such as the Model III is preferable to a recording Polar- 
ograph because of the speed and ease with which it may 
be operated even by relatively non-technical personnel. 
(2) In those laboratories where a recording instrument is 
now in use for several determinations, a Model III may 
be used for each determination, thus releasing the record- 
ing Polarograph for research purposes and for establish- 
ing the conditions of the routine analyses. 

(3) In the performance of amperometric titrations. 

(4) For instructional purposes in educational institutions 
where the 315 mm. long, readily visible scale and the sim- 
plicity of design make the Model III Polarograph ideal 
for demonstrations and illustration of the basic circuit 
employed in Polarographs. , 

Essentially the Model III provides facilities for the 
incremental application of voltage across the dropping 
mercury electrode cell and for indicating the resultant 
current passing through the cell. The cell current is 
measured by a highly sensitive galvanometer from which 
a line light image is transmitted, through a mirror system, 
to a translucent scale located above the instrument panel. 
The scale is double graduated from —150 to +150 mm. 


SARGENT 


facturer of Polarographs, offers 


the Model XXI Visible Chart 
Recording; the Mode! XII 
Photographic Recording, and 
the Model III Manual. 

The Model III Polarograph 
may be used in any phase of 
polarography, but it is partic 
ularly recommended for appli- 
cations to which it is peculiarly 
suited and in which recording 
facilities are unnecessary. 


with zero center in red at top and from zero to +300 mm 
in black at the bottom. The scale is 31.5 cm. long, with 
circular curvature, to eliminate tangent error. Each 
graduation is extended 15 mm. at left for zero adjustment 
A continuous selection of bridge voltage from 0 to 3 volts 
is provided, and the selection of output voltage is by 
rotation of a single dial, this dial reading direct in 
millivolts per span volt. Current is calculated simply by 
multiplying scale reading by multiplier reading by sens- 
tivity coefficient of galvanometer. To adjust galvanometer 
Sensitivity a ten position Ayrton galvanometer shunt is 
provided. Galvanometer sensitivity is approximately 
0.005 microamperes/mm. and galvanometer shunt ratios 
are from 1:1 to 1000:1. A three position toggle switch 
permits that the sense of the galvanometer scale remait 
unchanged regardless of cell current direction or polarity 
of the dropping electrode. 

A ten turn helical potentiometer serves both for upscale 
and downscale compensation and for adjustment of the 
galvanometer zero position. 

Another potentiometer incorporating a power switch 
serves to select the desired voltage across the bridge. A 
panel mounted voltmeter accurate to 1.0% of full scale 
indicates the voltage established. 

The instrument is mounted on a cast aluminum bas 
and enclosed in a sheet metal housing provided witha 
hinged top and finished in black enamel. All controls att 
mounted on a polished aluminum panel. 
$-29290 POLAROGRAPH—Manual, Indicating, Modd 
III, Sargent. Complete with three No. S-30858 dry cells 
one No. S-29304-A galvanometer lamp, one set No. P.N. 
1995 cell lead wires, one No. P.N. 2067 calibrating 
resistor plug, 250,000 ohm, and cord and plug for com 
nection to standard outlets. For operation from 115 volt 
50 or 60 cycle circuits .$390. 


SCIENTIFIC LABORATORY INSTRUMENTS APPARATUS CHEMICA 
E. H. SARGENT & COMPANY, 4647 W. FOSTER AVE., CHICAGO 30, ILLINE 
MICHIGAN DIVISION, 1959 EAST JEFFERSON STREET, DETROIT 7, MICHIG 
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INTRODUCTORY 
QUANTITATIVE ANALYSIS 


by Ernest H. Swift 
Professor of Analytical Chemistry, California Instituie of Technology 


This new chemistry text provides a more intensive treatment of both prin- 
ciples and laboratory operations for either full-year or one-semester 
courses. The book was designed with a three-fold objective: (1) to train 
the student in the precise techniques and physical measurements char- 
acteristic of quantitative chemical methods. (2) To develop his ability to 
apply physical and chemical principles to the development and critical 
evaluation of chemical methods (3) To enlarge and co-ordinate his back- 
ground of factual inorganic chemistry. 


The problems and questions in the back of the book have been heavily 
emphasized and are considered as an integral part of the course. They 
are designed to develop and extend the text material, and to train the 
student in the analysis of situations, rather than to provide drill in the rou- 
tine use of formulae or methods. 


SPECIAL ADVANTAGES 


@ Comprehensive treatment of selected representative procedures 
@ Particular emphasis upon direct applications of theory to laboratory procedure 
@ Over 200 questions and problems . . . answers provided to representative problems 


@ A special group of demonstration experiments with accompanying questions and 
problems provided in the appendix 
@ Complete lists of re-agents together with their methods of preparation 


Professor Swift is now preparing solutions to problems and a special 
Teacher's Manual to accompany Introductory Quantitative Analysis. 
These teaching aids will be available shortly to instructors who have adopted 
the text (not available to students). 


534 pages published 1950 5%" x 8%" 


Send for your copy today! 
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HARRY N. HOLMES 


STUART R. BRINKLEY 


CARL F. PRUTTON 
& 
SAMUEL H. MARON 


LILLIAN MEYER 


Coming in the Spring! 


Introductory College Chemistry 


Fifth Edition 


This fifth edition has been more radi- 
cally revised than previous editions to 
bring the text in line with present con- 
cepts of teaching chemistry. More 
emphasis is placed on the influence of 
size and structure of the atom. The 


early preliminary treatment of atomic 
structure is developed more fully and 
the periodic system brought forward. 
Meets the needs of all beginning chem- 
istry students. 

To be published in April. 


Principles of General Chemistry 
Fourth Edition 


This text presents general chemistry 
to those students who are majoring in 
chemistry and need a good foundation 
for advanced work in the field. The 
text has been thoroughly revised in this 
edition. It gives more emphasis to the 


experimental background of fundamen- 
tal principles, closer integration of ex- 
perimental data and theory, and a 
broad coverage of inorganic chemistry. 


To be published in April. 


Fundamental Principles of 
Physical Chemistry 


Revised Edition 


Dr. Maron has revised this basic text 
for college courses in Physical Chemis- 
try, so that the number of problems 
has been increased by about thirty per 
cent. The nonessential material in 
previous editions has been deleted and 


the approach has been simplified where 
necessary. The text provides a thor- 
ough modern training in the essential 
principles of Physical Chemistry, and 
their correct application. 

To be published in May. 


Introductory Chemistry 


This text is designed for a one year 
course in chemistry for those students 
who need a basic knowledge of organic 
and inorganic chemistry for their ad- 
vanced study in other fields. Here 
chemistry is presented in terms of its 


applications to the biological sciences, 
nursing, physical education, nutrition, 
and home economics. The book is 
written in an informal, clear manner. 


To be published in April. 
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Speed Controlled by a Watt Governor, Eliminating 
Rheostats, Gears, or Friction-Drive Discs 


Speed Continuously Vari- 
able from 200 to 1500 r.p.m. 


SPARKLESS 
Induction Motor 
Eliminating the Explosion 
Hazard from Brush Contacts 


Thrust Bali Bearings 
Insure Long Life, Continuous No. 5230 
Running 


Uniform Power Output 


5230. NON-SPARKING MOTOR STIRRER. This motor speed is manually controlled through the setting of the ad- 


stirrer is efficient and perfectly controlled. The motor is of justing screw, the particular construction of the governor 
the induction type and, having no brushes, eliminates one of makes this speed control for a given setting automatic in that 
the greatest dangers of explosion found in all other stirrers a decrease of speed (which might be due to an increase in vis 
when used over such solvents as ether, alcohol, benzine, ace- cosity of the liquid as the stirring progressed) brings the 
tone, etc. The motor runs on the regular 60-cycle, 110-volt governor weights further in, thus reducing the friction be- 
A.C. circuit, has practically the same power input at high or tween the control surfaces and automatically speeding up the 
low speeds and will not burn out if stalled. A binding post motor. The reverse would be true in case the resistance to 
is provided on the support rod of the motor and is thereby the stirring were suddenly or gradually lowered. In all other 
electrically connected through the motor shaft to the stirrer stirrers employing either the friction disc or the worm gear 

e so that the latter can serve as the rotating anode in electrolytic drive, there is no constancy of speed when variations of the 
analysis. - line voltage or variations of the load occur. 


The motor shaft is provided with thrust ball bearings, both 
top and bottom. The motor and governor have no wearing 
parts and the outfit will last for years. By arranging the 
angle of the motor shaft the stirring can be accomplished in 
any position desired. Each, $38.0 


This is not a friction drive outfit, the stirring rod being 
direct-connected to the motor shaft by means of a chuck 
which takes any sized shank from 0 to 6.5 mm. and can be 
very tightly adjusted with the fingers. The speed of the 
motor is delicately controlled over a range from 200 to 1500 
R.P.M. by means of a governor contained in the housing and 5230A. NON-SPARKING MOTOR STIRRER. Similar 


activated by means of a very positive screw adjustment. The to No. 5230 but for 220-volt, 60 cycle A.C. circuit. A,‘‘step- 
speed range is, therefore, from a minimum as low as ever de- down” transformer from 220 to 110 volts is provided in the 


sired up to the maximum speed of the motor. While the line. Each, $49.0 


W. M. WELCH SCIENTIFIC COMPANY 


1515 SEDGWICK STREET, DEPT. D. CHICAGO. 10, ILLINOIS, s. 
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Or all the things that should be international in out- 
look and connections education certainly comes to 
mind as one of the first. Of course, there are inevit- 
ably geographical and national differences. Some of 
these have been brought to the fore by Professor Perry 
Miller,! who thinks that European university educa- 
tion is “fossilized’’ when judged by American stand- 
ards, 

His experience as a visiting lecturer in Continental 
universities has shown him that: ‘The serious (Euro- 
pean) student, after a high school that consists of in- 
tensive drill in memorization and very little else, enters 
the university at about 18 . . . is confined to a single 
faculty,’ and never, intellectually speaking, gets out- 
side it. Then and there he is committed for life to 
theology, law, or medicine.’’? The university does not 
seem to be concerned with his learning about any ether 
field. “It is a professional training ground, and it im- 
parts standard and formal disciplines. In the uni- 
versity, the professor tells the student, and on exam- 
inations the student repeats what the professor has told 
him.” 

The last of the preceding sounds like one of the 
familiar complaints at home, but let that be neither 
here nor there, for the moment. Maybe the colors 
on the world educational map are really as different as 
Professor Miller thinks they are, although it is possible 
that he would have obtained the same impressions had 
he done his visiting-lecturing at any one of many places 
in this country sufficiently removed from his own class- 
room at Harvard. 

Nevertheless, it is worth while to consider the con- 
trast in educational outlook which this implies. The 
contrast is between the ‘‘classical’’ and the “functional,”’ 
and we shall quickly see that the cleavage is not on the 
same line as that between the “general’’ and the “‘pro- 
fessional.”’ 

- 1 “What drove me crazy in Europe,” Atlantic Monthly, March, 
1951, p. 41. ‘Also quoted in Time, March 19, 1951, p. 81. 


One philosophy assumes that there has accumulated 
from the past a discipline of information, skills, and 
understanding into which a neophyte may be ini- 
tiated and which he may eventually master. When he 
has done so he is “educated’’ and deserves the mark of 
distinction which announces the fact. The contrast- 
ing educational process attempts to develop the skills 
and promote the understandings which will fit the 
individual into the environment in which he lives and 
make him a smoothly working part of the social ma- 
chinery. 

There is something reminiscent here of the conflict 
between religious scholasticism and science, between a 
divinely supported doctrine which brooks no change 
or challenge and a conception of truth which is adapt- 
able to the existing state of knowledge, between the 
static and the dynamic. 

Professional education does not neatly fall into either 
of these two categories. It can be as fossilized as Pro- 
fessor Miller seems to consider it, by implication. It is 
inevitably functional, perhaps, but whether in the 
narrow or broad sense of the term is another question. 
It is hard to see that an education based entirely on 
perusal of the Great Books can be functional, no matter 
how interesting and inspiring it may be. 

Educational discussions are so often contradictory. 
He who starts out to prove that the classical education 
is the only broadening or liberalizing one sometimes 
finds that he has only shown its narrowing and con- 
fining character. He who collects data to show that 
professionally educated men are narrow and illiterate 
sometimes (but not always) finds that they are more 
broadly and generally informed than the products of 
the liberal-arts colleges. He who argues that Ameri- 


can education is narrow and that Europeans, in con- 
trast, are better fitted by a traditional, classical train- 
ing to understand world problems and needs may be 
forced to conclude—as did Professor Miller—that it is 
European education that is fossilized. 
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In THe Elizabethan age, that produced such men as 
Walter Ralegh,! explorer and soldier, Edmund Spenser, 
poet, and Isaac Newton, scientist, lived Robert Boyle, 
the man styled “Father of Modern Chemistry.” It 
was an age of intellectual awakening, when men turned 
from their voyages of conquest and colonization to the 
arts and the sciences, and sought clear-cut workable 
explanations for the workings of nature to replace the 
often muddled and inadequate theories of medieval 
times. 

Boyle’s career was in keeping with the spirit of the 
age. His father, Richard Boyle, is remembered as the 
“Great Earl of Cork.” Yet he had begun as a poor but 
ambitious law student at Cambridge. His money ran 
out and he had to leave college. He decided to go to 
Ireland and seek his fortune there in the wake of the 
English soldiers. 


1 Preferred by some historians to the more common spelling, 
“Raleigh.” 


Lismore Castle, County Waterford, Where Robert Boyle Was Born 
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DESMOND REILLY 
Howard Smith Paper Mills, Ltd., Cornwall, Ontario, 
Canada 


Richard Boyle arrived in Ireland on Midsummer Eve, 
1588. “All my wealth,” he said afterwards, ‘‘was then 
twenty-seven pounds, three shillings in money, and two 
tokens,” which his mother had given him, “. . .a pair of 
black velvet breeches. ..two cloaks...with my rapier 
and dagger.””? 

In four years, due partly to a good marriage—to 
Catherine Fenton, only daughter of Sir Jeffrey Fenton, 
Irish Secretary of State—and his own prudence and 
careful management, and most important, due to the 
influence of certain friends in Court, he had risen to an 
impressive position. His title was “Sir Richard Boyle, 
Knight, Lord Boyle, Baron of Youghall,? Lord Dungar- 


2 Masson, Fiora, “Robert Boyle,” 1914, p. 5. 

3 Youghall (now spelled Youghal) is still a celebrated seashore 
town in Ireland, for, according to tradition, Walter Ralegh 
planted the first potatoes in Europe at his home there. Here, 
too, the story has it that a servant saw him smoking a pipe o 
tobacco for the first time, and thinking that he was on fire, 
promptly doused him with a pail of water. 
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van, Earl of Cork, Lord High Treasurer of Ireland.‘ 

There was nothing honorary about these high-sound- 
ing titles, for Boyle had ample wealth and estates to 
support them, estates planted in the wake of English 
troops who first cleared out the native Irish inhabitants. 
Such favorable bargains did the elder Boyle make in his 
estate deals that he was able to buy additional proper- 
ties in England. At the time of Robert Boyle’s birth 
his father’s means amounted to “two hundred and fifty 
pounds a day,° exclusive of houses and parks.” In 
addition, he was reputed to be the largest land-owner in 
the British Empire. 

It was into this luxury, in the midst of the poverty 
and want of the dispossessed Irish owners who lived on 
the fringes of the great estates, that Robert Boyle was 
born, at Lismore Castle, county Waterford, on January 
25, 1627,° being the seventh son and the fourteenth child 
of the family. 

Not far away, across the wide river Blackwater, 
Walter Ralegh had penned sonnets in praise of Queen 
Elizabeth as he rested between voyages, and Edmund 
Spenser had worked on his epic poem, “The Faery 
Queene.”” On the great estates life went on in leisured 
wltured ease in that era, while the dispossessed Irish 
sraped a frugal living in the hills and woods and 
plotted rebellion against the planters. 

Many facts of Robert Boyle’s early life are recorded 
in a strange autobiography which he published later.’ 
Here he speaks of himself under an assumed name and 
in the third person. 

Boyle was of a delicate and sickly nature from his 
childhood. His father, he tells us, “had a perfect aver- 
sion” for those parents “who used to breed their 
children so nicely and tenderly, that a hot sun, or a 
good shower of rain, as much endangers them as if 
they were made of butter, or of sugar.” As soon, then, 
as he “was able, without danger, to support the incom- 
modities of a remove,” he was sent to an Irish country 
nurse and brought up on simple fare and plain ways. 
He was “nursed Irish fashion in a pendulous satchell 
instead of a cradle, with a slit for the child to look out 
of.” The first words he learned from his foster-mother 
were in the Gaelic tongue. 

Boyle himself believed that his early upbringing 
hardened and toughened him for later life. This was 
not the view of some of his biographers, who blamed his 
frequent bouts of illness in later years on his unusual 
upbringing.* He saw very little of his mother, for she 
died shortly after he came back from his foster-mother. 
His mother’s death was unfortunate for him in many 
ways. Despite his father’s vaunted ideas on the rugged 


‘Henperson, T. F., “Dictionary of National Biography,” 
Oxford University Press, London, 1908, Vol. 2, p. 1021. 

* This is equivalent to about a quarter of a million dollars a 
year, without taking into account the fact that the value of 
money was far higher then than now. 

*Tipgn, “Famous Chemists,” London, 1921, p. 1. 

"Borie, Rosert, “Works,” ed. by Thomas Birch, Ist ed., 


Vol. 1. 


*Cierx, Aanes M., “Dictionary of National Biography,” 
Oxford University Press, London, 1908, Vol. 2, p. 1026. 
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handling of children he greatly pampered Robert in his 
boyhood, and allowed him too much of his own way. 
His studies and teachers were often changed, and he 
received no formal elementary education, but dabbled 
in a desoultory sort of way in any subject that took his 
fancy for the moment. 

Though he showed early that he was a versatile and 
precocious youth, he showed few signs of deep or sus- 
tained interest in any branch of study. He later con- 
fessed that as a boy he was afflicted with a “roving 
wildness of...wandering thoughts.”® This he sought 
to correct by a study of mathematics. He proved to 
be a competent linguist from an early age, and was re- 
puted to be fluent in both French and Latin at the age 
of eight. 

Boyle’s boyhood records a number of amazing escapes 
from injury at various times. When still only a child, 
he was traveling by coach to Dublin. The carriage had 
to cross a wide stream in flood from heavy rains. Young 
Robert was left in the coach with a foot-boy, when “a 
gentleman of his father’s, very well horsed, accidentally 
espying him, in spite of some others and his own unwiil- 
ingness and resistance, carried him in arms over the 
rapid water, which proved so much beyond expectation 
both swift and deep that horses with their riders were 
violently hurried down the stream, which easily over- 
turned the unloaded coach, the horses (after by long 
struggling they had broken their harness) with much ado 
saving themselves by swimming.’’!° 

When Robert went to Eton with his brother Frank at 
the early age of nine the English boys did not like the 
“uncouth Irish manners” of the new arrivals. Robert 
had a slight stammer, which did not help matters. He 
generally avoided the other boys and was usually to be 
found engrossed in a book in a quiet corner during 
recreation period. 

At Eton, Robert had another of his almost disastrous 
accidents. He was not as good a horseman as his 
brother, and once when they were out riding together 
Robert was unseated, and the horse stepped so near to 
his throat that it tore a hole in his collar, “which he long 
after preserved as a remembrance.”’ Another time, an 
apothecary’s servant gave him a strong emetic in mis- 
take for a cooling draught, and for a time his life was in 
danger. He said himself that this accident made him 
“Jong after apprehend more from the physicians than 
the disease,’’!! and was probably the reason why in 
later life he devoted a considerable amount of time to 
the study of chemistry in relation to the human body. 
Besides, to the end of his life, Boyle would never allow a 
doctor to attend him, but constantly dosed himself 
with medicines of his own invention. 

Yet another accident at Eton was the collapse one 
night of the wall of the bedroom where the Boyle 
brothers slept. They had gone to their room early, and 


® More, Lovts T., ‘Life & Works of the Honourable Robert 
Boyle,”’ Oxford University Press, New York, 1944, p. 29. 

0 Tbid., p. 23. 

11 Borie, Rosert, ‘Works,” ed. by Thomas Birch, 2nd ed., 


1772, Vol. 1, p. 16. 
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Robert was already in bed while Frank sat by the fire- 
place talking to some other boys. Suddenly and with- 
out warning the wall of the room fell inwards, carrying 
the ceiling with it, as well as a bed, chairs, books, and 
furniture from the room above. A bigger boy rescued 
Frank from the dust and debris, the chair in which he 
had been sitting smashed to pieces, and the clothes torn 
from his back. Robert, the future chemist, in his bed, 
remembered to wrap his head in the sheet, so that, as he 
said, it might serve “as a strainer, through which none 
but the purer air could find a passage.’’” 

After three years at Eton, the Boyle brothers engaged 
a French tutor and traveled for five years on the Euro- 
pean continent, visiting France, Switzerland, and Italy. 
Robert’s mastery of French was said to be so good that 
he was often mistaken for a native in his travels there. 
For a season, the brothers stayed in Geneva, where 
Robert, then fourteen years old, tells us that he was 
“enamoured of those delightful studies, arithmetic, 
geometry with its subordinates, the doctrine of the 
sphere, that of the globe, and fortification.” 

They traveled on to Italy and were in Florence the 
year that Galileo died. Robert learned Italian and 
read Galileo’s works with interest at that period. They 
proceeded to Rome where they viewed the classical 
monuments, and embarked for Marseilles. At that 
point they received bad news from home. It was the 
year 1642, and rebellion had broken out in many parts 
of Ireland. The “Great Earl” found himself hard 
pressed, not only with keeping the rebels in hand but 
with the great strain which the payment of large mer- 
cenary forces imposed on his revenues. A few years 
before, the Earl had allowed an elder son, Richard, a 
thousand pounds a year to travel in Europe. Now, it 
was only with the greatest difficulty that he was able to 
collect two hundred and fifty pounds to send to Frank 
and Robert to pay their way home. 

But worse was to follow, for their father’s money 
never reached them. Enough money was scraped to- 
gether to send Frank home directly, and then Robert 
and his tutor traveled back almost penniless to Geneva, 
and there managed to collect enough money for the 
journey home by pawning the jewels they wore. 

By the time they got back, the Earl had died and 
Irish affairs were still in confusion. Robert found that 
as his share of the estate he had been given one of his 
father’s English properties in Devon. Here he went to 
live, and here he began the studies which were eventually 
to lead to his brilliant scientific work. Throughout his 
life he never married, and he had little if any interest in 
the many attempts which were made by well-meaning 
friends to find a wife for the very eligible and prosperous 
young man who dabbled in scientific experiments. 

At first he worked alone, but later he came into con- 
tact with others trying to straighten out the tangles of 
medieval thought and place science on a practical basis. 

For a time he toyed with the idea of returning to 

12 FarRIneTON, A., “Life of Boyle,” Cork, Ireland, 1917. 

18 Boye, Rosert, “Works,” ed. by Thomas Birch, 1st ed., 
1744. 
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Ireland, making it his home, and carrying on his work 
there. He paid a brief visit to his old home but found 
the country broken and improverished by war. That 
Boyle, immersed in his scientific work, was far remoyed 
from the realities of the Irish scene was borne out by 
his comment at the time that Ireland was “a barbaroys 
country where chemical spirits were misunderstood and 
chemical instruments. ..unprocurable.’’'* He gave up 
his idea of living in Ireland and returned to England 
where he spent the remainder of his life. 

However, his short stay in Ireland had not been with. 
out some profit. He found a new friend in Dr. Petty, 
who taught him anatomy and became one of his greatest 
admirers. Petty was an extraordinary and versatile 
man, who spent an adventurous boyhood in France, 
studied anatomy, and taught both music and anatomy 
in England. He then became physician to the English 
army in Ireland, and like the “Great Earl” acquired 
huge estates in county Kerry which he developed to a 
sizeable fortune. Returning to London, he became g 
leading physician and a founder of the Royal Society." 

Largely on the advice of Petty, Boyle decided to de- 
vote his talents entirely to scientific work and decided 
to settle either in London or in Oxford. At first he 
favored London, where his sister, Lady Ranelagh, 
lived, and where he could meet with his friends who 
styled themselves the “Invisible College.” These 
were a small circle of scientific inquirers who met 
weekly in coffee houses with the declared purpose “to 
discourse and consider of philosophical inquiries and 
such as related thereunto (precluding matters of the 
ology and State affairs).’’'® 

But London was in a turbulent state in that Civil War 
period, and besides many of the members of the 
“College” had moved to Oxford where they were now 
attached to the University. Boyle was urged to join 
them, and he finally went to live in Oxford in 1654. 

There he passed fourteen of the most fruitful years of 
his life. He at once entered prominently into the life of 
the University and became an intimate friend of many 
of its leading scholars. He established laboratories, 
hired many assistants to carry out his experiments, 
spent much money, and entertained lavishly, keeping § 
up two houses, one four miles out in the country. 

It has been lightly assumed that Boyle at once took 
over the position of an acknowledged master of the 
sciences on his arrival in Oxford. The fact was that, be 
cause of his earlier scattered education, he served almost 
six years as a sort of apprentice to the foremost scholars 
of the day before attaining scientific prominence.” 
When he went to Oxford Boyle was accompanied by 
Peter Sthael,'* a noted chemist and Rosicrucian of 

14 BoyLe, Rosert, ‘“Works,’”’ ed. by Thomas Birch, 2nd ed, 
1772, Vol. VI, p. 54. 

1% More, Louts T., “Life & Works of the Honourable Robert 
Boyle,” Oxford University Press, New York, 1944, p. 76. 

16 Bircu, Tuomas, “History of the Royal Society,” 1755. 

17 Morz, Louis T., “Life & Works of. the Honourable Robert 
Boyle,”’ Oxford University Press, New York, 1944, p. 91. 

8 BoyLe, Rospert, “Works,” ed. by Thomas Birch, 2nd ed, 
1772, Vol. VI, p. 122. 
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Strasbourg, who taught him geometry, the Cartesian 
philosophy, and chemistry. Little of Boyle’s scientific 
work was published until the Restoration in 1660, by 
which time his apprenticeship might be said to have 
ended. A notable exception, however, was his work, 
“Qn the Spring and Weight of the Air,”’ which appeared 
in 1657. However, as will be pointed out later, much 
of the credit for this notable work belongs to Boyle’s 
able assistant, Robert Hooke’® rather than to Boyle 
himself. 

With the Restoration, meetings of the ‘Invisible 
College” were revived, and late in 1660 King Charles II 
constituted the group under charter as the Royal 
Society, with Boyle as one of the founder members. 
Charles II may not be remembered in English history for 
many notable achievements, but his founding of the 
Royal Society was a genuine landmark in the progress 
of science. It was said that the King had little real 
interest in science and was more amused than instructed 
by the brilliant work of its early members. Yet with- 
out doubt, the Society performed a signal service to 
modern science in those early years of its existence. 

The bulk of Boyle’s work was published in those 
first years of the restored monarchy. At Oxford, be- 
tween 1660 and 1666, he published ten large volumes, 
and twenty papers in the Transactions of the Royal 
Society; then followed a period of silence for five years, 
except for six papers in the Transactions. 

It is something of a mystery how Boyle published 
such a great quantity of work in such a time. More” 
puts forward the possible explanation that: “he was 
rather the director of a laboratory than an individual 
experimentalist. As such, he employed numerous 
assistants and mechanics, who made the observations 
and did the detailed work on the problems he set them. 
And he must have had a staff of secretaries, who man- 
aged his great correspondence, collected the mass of 
data and recipes he published, read to him, and wrote to 
his dictation.” 

Among the many laboratory workers who assisted him 
in part of his work at a later date was the remarkable 
Wilhelm Homberg, born in Java in 1652, and educated 
in Europe, and later the first to prepare (in 1702) boric 
acid. 

Boyle’s gathering fame in the world of science, 
coupled with his wealth and social position, brought 
many crackpots and inventors to him with the request 
that he bring their schemes to the notice of the govern- 
ment. Most of the schemes were far-fetched and impos- 
sible, but. one of them at least, which Boyle was instru- 
mental in introducing to the British Navy, was of real 
value. This was a method of preparing fresh from salt 
water. 


® For fuller information on the life and times of Robert Hooke, 
see “The Diary of Robert Hooke,” Henry W. Robinson, ed., 
Taylor & Francis, London, England, 1935. As a foreword, the 
“Diary” carries a 16-page sketch of Hooke’s life and work. 
‘¢® More, Louts T., “Life & Works of the Honourable Robert 
Boyle,” Oxford University Press, New York, 1944, p. 107. 


Weexs, Mary E., ‘‘Discovery of the Elements,4: 5th ed., 


J. Cem. Epvc., Easton, Pa., 1945, p. 334. 
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Robert Boyle 


Boyle was a religious man, and published a number of 
pious sermons and tracts under his own name. These 
would probably have long since been forgotten but for 
Dean Jonathan Swift’s merciless parody of them in his 
“Pious Meditation on a Broomstick in the Style of the 
Hon. Mr. Boyle.’?? A recent writer has made the 
claim that it was one of Boyle’s religious tracts, entitled 
“Reflection Upon the Eating of Oysters,” that gave 
Dean Swift the idea of writing his celebrated ‘‘Gulliver’s 
Travels.”?* At his own expense, Boyle had a transla- 
tion of the Bible into Gaelic prepared and published. 

Robert Boyle has often been referred to as Sir Robert 
Boyle. This is incorrect, for though offered a knight- 
hood, he refused it as well as most other honors, and 
busied himself with his experiments. However, he 
seems to have been unable or unwilling to avoid all 
obligations thrust on him. For instance, in 1664 he 
accepted membership in the Company of Royal Mines 
and spent the winter in London. This position in- 
volved work which he specially favored. He made 
many inspection trips, exploring the minerals and soils 
of the country and their possible uses for both industrial 
and medicinal purposes. He also made, over a long 
period, a rich collection of ores and minerals which in 
his will he left to the Royal Society.** 


22 Nichols’ Edition of Swift’s Works, 1812, Vol. 1, p. 113. — 

23 More, Louts T., ‘Life & Work of the Honourable Robert 
Boyle,” Oxford University Press, New York, 1944, pp. 158-9. 

24 Tbid., p. 117. 
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Boyle suffered through much of his life from increas- 
ing weakness of the eyes, and beginning with the year 
of the Great Plague, 1665, when many suffered from 
agues and periodic fevers, he was prone to chills and 
colds. So careful did be become of his health that it 
was said that he had a closet filled with different cloaks, 
with a special cloak for each change in temperature. 
As might be expected from the man who first suggested 
the melting point and boiling point of water as fixed 
points on the themometer, he would read his thermom- 
eter each morning before leaving home and then select 
the cloak most suited to the day.2* While mentioning 
temperature, it is of interest to note here that Boyle 
was the first in England to make use of mixtures of salt 
and snow to reach low temperatures.”® 

Boyle lived mainly in Oxford until 1667, when he 
moved to London and lived with his sister, Lady Rane- 
lagh, on Pall Mall. In spite of increasing infirmities he 
continued to publish steadily on all manner of subjects 
and carried on correspondence with many foreign work- 
ers. So tiring was the routine when his house be- 
came a rendezvous for increasing numbers of visitors 
and guests that he was compelled to publish a notice 
stating that he would be at home to visitors on certain 
days of the week only.”” 

Boyle’s sister died December 23, 1691, and his own 
death followed a week later, on December 30, 1691. He 
died peacefully without the pain that he had dreaded. 
It is said that his end was hastened by his own ill- 
advised doctoring attempts with medicines of his own 
invention. 

More *8 remarks that ‘‘there is little need to add a 
critical analysis of Boyle’s character. He was blessed 
with such a simple and transparently clear integrity of 
mind that his contemporaries, intimate friends, and 
casual acquaintances alike were singularly unanimous 
in their estimates of him as a man and scholar; and he 
himself was so expansive and so self-revealing in his 
published works and letters that there is little difficulty 
in knowing the whole man.” 

Reference has already been made to Boyle’s first 
publication in 1657, “On the Spring and Weight of 
the Air.” This and later work which he published on 
the same lines upset many of the old views on air. 
“Nature abhors a vacuum,” was the cry of the ancients, 
for they believed that a completely empty space, free of 
air and all other gases, could not exist: 

Toricelli, a pupil of Galileo, had already done much 
to show that a vacuum was possible. Working with his 
assistant, Robert Hooke, Boyle devised his air pump 
which was an adaptation of one invented by Otto von 
Guericke, the Burgomaster of Magdeburg, in 1634,?° 
* Borie, Roser, “Works,” ed. by Thomas Birch, Ist ed., 
a Vol. 1, p. 86. Picton, ‘“The Story of Chemistry,” 1889, p. 
127. 

% Borie, Rosert, ‘New Experiments Touching Cold,” 1665. 
2 Morg, Louis T., “Life & Work of the Honourable Robert 
Boyle,” Oxford University Press, New York, 1944, p. 132. 

% Ibid., p. 133. 

2 GuERICKE, OrTo von, “Experimenta Nova Magdeburgica de 
Vacuo Spatio,” Amsterdam, 1634. 
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and which was based directly on information published 
in a book by the Jesuit Schottus.*° 

Using the pump, Boyle and Hooke determined the 
weight, elasticity, and the part played by air in com. 
bustion. In upsetting so many of the earlier views on 
air Boyle remarked with truth that “the generality of 
men are so accustomed to judge of things by their 
senses that because the air is invisible they ascribe but 
little to it, and think of it but one remove from noth. 

He also described apparatus and methods for distilling 
under reduced pressure.*? Boyle’s work on air was of 
considerable significance in medical history. While 
Harvey had clearly demonstrated the course and 
mechanism of the circulation of the blood, he had given 
no reason as to why the blood circulated. The answer to 
this question was given in part by some of Boyle's 
experiments on air.** Using the air pump, Boyle 
showed that in a vacuum a mouse or small bird could 
not live, nor would a candle burn. However, if the 
supply was renewed in time the bird or animal would re- 
cover. Clearly then air was essential for life and for 
combustion.*4 

Boyle’s interest in the effect of pressure on air led 
him to the discovery of the elastic nature of gases, 
which he succeeded in establishing for pressures both 
lesser and greater than atmospheric. The celebrated 
generalization is known widely as Boyle’s Law, but itis 
still often referred to as Mariotte’s Law. It was an- 
nounced by Boyle in 1662 as a result of extensive and 
carefully executed experiments by Hooke and himself. 
Mariotte’s work was much later in date and was based 
on very few experiments. *® 

While the specific experiments in the work on air can 
be rightly credited to Boyle, much of the success in this 
work rested on the efforts of Hooke, for the results 
secured were dependent on Hooke’s development of an 
efficient gas pump and accesory apparatus for the manip- 
ulation of gases. Boyle, in his first edition, did not 
credit Hooke with the creation of the air pump, for it 
was not usual in those days to mention laboratory assist- 
ants specifically. When, however, the publication 
made a dazzling success, and the air pump was regarded 
as an eminent invention comparable to that of the tele 
scope, Boyle gave full credit in the second edition to 
Hooke. But the scientific and social world had already 
hailed Boyle as the inventor. The original apparatus 
presented to the Royal Society is exhibited in the Li- 
brary as Boyle’s Pump. Evelyn’s “Diary” and other 

% “Mechanica Hydraulico-Pneumatica,’’ 1659. 

31 Bortz, Rosert, ‘Memoirs for a General History of the 
Air,” Shaw’s Abridgment of Boyle’s Works, 1725, Vol. 3, p. 61. 
Sm Wiuiam Ramsay, “The Gases of the Atmosphere,” Mac 
millan and Co., Ltd., London, 1915, p. 10. 

32 ParTINGTON, J. R., “Short History of Chemistry,’’ London, 
1939, p. 69. 

33 Dova.as, “History of Medicine,” London, 1945, 


"4 Stetina, W., “Some Aspects of Physiology,” London, 1902, 
p. 39. 
% McKiz, Dovatas, “Boyle’s Law,” Endeavour, 7, No. 28, 
(October, 1948). 
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contemporary writers refer to the frequent and exciting 
demonstrations of Boyle’s Engine, and that opinion 
still persists. 

In the light of Boyle’s later work the plan and con- 
duct of the work was more obviously Hooke’s, whose 
taste and genius directed him to mechanical problems, 
rather than Boyle’s, whose interests lay in the chemical 
composition of bodies. The final and convincing proof 
that air, like other bodies, had a definite weight was 
frst given in the second edition, to answer the objec- 
tions of Linus, an English Jesuit and professor of physics 
at Liege, by a crude determination of Boyle’s Law. 
That same year, 1662, Hooke moved to London as 
curator of the Royal Society. Boyle. although he after- 
wards frequently discussed the properties of air, aban- 
doned any further work of a mathematical or quantita- 
tive type, while Hooke devoted himself expressly to 
that kind of work, and in fact included Boyle’s Law in 
his general formula for elasticity.** 

Boyle believed heat to be a brisk molecular motion 
and not a material substance, thus antedating in part 
ideas which only assumed full sway in the last century. 
Boyle’s views in this respect appear on recent evidence 
tohave had their source in the speculations of Hooke in 
the course of his work at the Royal Society.*’ 

Boyle was the first to distinguish clearly between a 
mixture and a chemical compound. He held the idea 
that the elements then obtained by chemical workers were 
not the ultimate constituents of matter. His ideas 
were put forward in his “‘Sceptical Chymist” in 1661. 
He defined the elements in a manner strangely prophetic 
of more modern work as being compounds of one univer- 
sal matter. In his view the entire visible part of the 
universe could be ascribed to the various modes of 
movement and grouping of the universal matter. In 
his book, Boyle put forward for the first time the idea 
that chemical combination takes place between small 
particles of each element, particles which he calls 
“corpuscles,’’** and that all elements are fundamentally 
composed of such tiny particles. 

It has been held that Boyle discovered phosphorus 
independently of Henry Brand, the Hamburg alchemist 
who first prepared the element in 1669.*® Actually, the 
facts on the matter are not entirely clear. Brand wasa 
trusting man who showed his phosphorus, or “cold 
fre” to a friend, Dr. Johann Daniel Krafft of Dresden, 
who suggested that the secret preparation might be 
sold at a high price to some royal personage. Krafft 
exhibited the “cold fire” to the Great Elector of Bran- 
denburg, at the court of Hanover, and at the Royal 
Society in London before Boyle and other members in 
1677. Boyle shortly afterwards prepared phosphorus 


* Mors, Louis T., “Life & Works of the Honourable Robert 
Boyle,” Oxford University Press, New York, 1944, p. 95. 

_" Parrerson, Louise D., “Robert Hooke and the Conserva- 
tion of Energy,” Isis, 38, No. 113, pp. 151-6 (February, 1948). 

* Boyt, Rosert, “The Sceptical Chymist,” Fulton ed. 34, 
Oxford, 1680, p. 396. 

* Anon., ‘Merck Report,” Rahway, New Jersey, 1948, p. 19. 
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by a slightly different method and studied its properties 
more exhaustively than did any other chemist of the 
seventeenth century.*° 

Boyle himself maintained that his preparation of 
phosphorus was carried out without any previous 
knowledge of the German process. Boyle was a man 
of high integrity and one cannot doubt the truth of his 
statement. However, Krafft asserted quite definitely 
that he had communicated the Brand process directly 
to Boyle.‘ Subsequently, Boyle’s assistant, Godfrey 
Hanckwitz, made phosphorus on quite a large scale and 
exported it to Europe in commercial quantities. 

The field over which Boyle’s work ranged was a large 
one. He prepared and described hydrogen gas,*? and 
prepared nitrogen, although he failed to recognize the 
independent nature of the latter element. He was the 
first to use vegetable coloring matter in tests for acidity 
and alkalinity.“* He introduced the use of chemical 
reagents, including silver nitrate and barium chloride, 
and first used the term “analysis.” In addition, he 
illustrated the uniformity of potassium salts in different 
ways. Generally, his analytical experiments cast 
serious doubts on earlier alchemical theories. Yet 
Boyle was true to his time for, like his contemporaries, 
he clung to a belief that transmutation of individual 
elements was possible. 

Partington“ says of Boyle that “he has been called 
the father of modern chemistry for three reasons: (1) 
he realised that chemistry was worthy of study for its 
own sake and not merely as an aid to medicine or as 
alchemy—although he believed in the possibility of the 
latter; (2) he introduced a rigorous experimental 
method into chemistry; (3) he gave a clear definition of 
an element, and showed by experiment that the four 
elements of Aristotle and the three principles of the 
alchemists (mercury, sulphur, and salt) did not deserve 
to be called elements or principles at all, since none of 
them could be extracted from bodies, e.g, metals.” 

Boyle’s name may not be associated with many out- 
standing chemical discoveries, and there are those who 
claim that much of his work was superficial. Yet the 
place of Robert Boyle, son of an Elizabethan adven- 
turer in Ireland, is an assured one in chemical bistory. 
In demolishing the half-truths and false premises of the 
alchemists, he was far in advance of his time, and the 
multitude and clarity of his experiments offered numer- 
ous starting points for original research for those who 
followed in his footsteps. 


“ Weeks, Mary E., “Discovery of the Elements,” 5th Ed., 
J. Cuem. Epuc., Easton, Pa., 1945, p. 43; Hermann Perers, 
“Geschichte des Phosphors nach Leibniz und dessen Briefwech- 
sel,’’ Chem.-Zig., 26, p. 1190 (Dec. 13, 1902). 

41 Kopp, H., “Geschichte der Chemie,’ F. Vieweg und Sohn, 
Braunschweig, 1847, Part 3, p. 329. 

42 Miuiar, A., “The Works of the Hon. Robert Boyle,” Lon- 
don, 1794, Vol. 3, p. 255; zbid., Vol. 5, p. 111. 

43 Bore, Rosert, “Reflections upon the Hypothesis of Alcali 
and Acidum,” 1675. 

“ PartinatTon, J. R., “Short History of Chemistry,” London, 
1939, p. 67. 
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A weep has arisen for a simple microprojection ap- 
paratus answering the following requirements: project 
an image of four square feet, bright enough to be seen 
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Essential Components of a Microprojection System 
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by an audience of three hundred persons; be portable 
and easy to assemble and dismantle; and operate on 
110 volts a. c. The system described below was de- 
veloped to answer this need. 

The basic optical requirements for a microprojection 
system are shown above. The condenser (@) gathers 
the light from the light source (C). The mirror 
(J} reflects the light to condenser (J) which focuses the 
beam on the microscope stage (K). An enlarged image 
of the specimen under observation is formed by the 
microscope and reflected by mirror or prism (L) to the 
screen. 

A number of microprojectors are commercially avail- 
able but have the disadvantages of high cost, weak light 
source, lack of portability, etc.! The system described 
-can be built for about $150, not including the micro- 
scope. The authors have used a petrographic micro- 
scope with the projector to utilize polarized light; 
however, biological or other types of microscopes can 
be used. 

The principal problem in obtaining adequate projec- 


_, 2 A new projection microscope has recently become available, 

namely the Promi instrument sold through W. H. Kessel and Co., 
Chicago. It should be investigated by anyone interested in ac- 
quiring a microprojector. 


A NEW MICROPROJECTOR 


MARVIN A. SALZENSTEIN and WALTER ¢. 
McCRONE 

Armour Research Foundation of Illinois Institute of 
Technology, Chicago, Illinois 


tion has always been the light source. A carbon are op 
110 volts d. ¢. is highly satisfactory, but unless mag. 
netically controlled, requires constant attention. Fur. 
ther, few lecture halls even in chemistry and physic 
laboratories have 110 volts d. c., and the a.-c. are, 
pecially with low amperage current, is noisy, hard to 
start, and much less intense a source than the d.-e. are. 

A number of other light sources were considered, 
among them the zirconium arc, high pressure mercury 
arc, tungsten are, and the tungsten filament. All of 
those listed except the latter required heavy auxiliary 
equipment. Since home movie projectors have essen- 
tially the same problem and solve it by using tungsten 
filament lamps, a system of this type was chosen. A 
750- or 1000-watt biplane filament projection lamp, the 
same type used in 16-mm. film projectors, was used. 4 
housing was built using a prefabricated metal bo 
(available through any radio supply house) and incor- 
porating a fan for cooling the bulb, a lamp socket, 
switch, and reflector. 

A Bausch & Lomb Model B microprojector was disas- 
sembled to provide a support for the optical system, heat 
absorbing cell, and microscope. The assembly is show 
on the opposite page. The blower (A) handles about i) 
c.f.m. of air to cool the light source (C). The chimney 
(B) directs the air stream over the bulb. The metal 
reflector (D) is mounted behind the bulb to direct a 
much light as possible forward. The hot air is ejected 


Screen and Case 


(Left) The screen hangs from a dowel rod. The screen may be rolled u 
and placed in the base and the supports folded down to provide a carryiti 
ease. (Right) The “suitcase” houses the projector ready for traveling. 
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through the openings at (Z) 
and(F). The light emerges 
through the opening (£) 
and passes through the con- 
densing system (G@) consist- 
ing of two double convex 
lenses of focal length about 
ten inches. A water cell 
(H) is interposed to remove 
most of the infrared light. 
The light isthen reflected by 
the microscope mirror (J) 
through the condenser lens 
(J), a simple convex lens at 
least one inch in diameter 
and with a focal length of 
about two inches. (This 
large lens in place of the 
usual microscope substage 
condenser is one of thegreat- 
est single improvements em- 
bodied in this projector.) 
The image leaving the mi- 
croscope eyepiece re- 
flected by the prism (L) to 
the screen. 

The blower and bulb are 
wired in parallel so that the 
bulb cannot be on when the 
blower is not operating. With this precaution the life 
of the 750-watt lamp is rated at 25 hours; of the 1000- 
watt lamp at 10 hours. 

The carrying case has been designed to serve not 
oly to carry the projector but also to open on three 
sides to permit access for projection without the neces- 
sity of removing the projector from the case. This has 
the further advantage of shielding stray light from the 
screen and room. Two wooden dowel rods are provided 
on which black curtains are hung to completely enclose 
the apparatus except for the top. In some cases it is de- 
sirable to cover a part of the top also with additional 
black curtains. After use the case is closed to form a 
“suitcase”’ as shown in the figure. 

Projection is carried out from behind a translucent 
sereen. This enables simultaneous and completely un- 
hindered visibility of the screen both by the lecturer and 
the audience. The screen (see figure), a 36-inch square 
of tracing cloth, is hung from a wooden */s-inch dowel 
tod and has a '/;-inch straight aluminum rod in the 
hem at the bottom. The screen is hung from supports 
formed by two uprights hinged to the base. The base 
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also acts as a carrying case for the rolled up screen. 
With the screen in the case, the uprights are folded 
down and clamped into place. When folded ready for 
carrying, the case is only 3 X 3 X 38 inches. 

All accessories are tucked into unused corners of the 
projector case when the projector is packed for carrying. 
The body tube of the microscope, for example, must be 
removed, wrapped in cloth, and packed away in the 
bottom of the case, since there is insufficient headroom 
to permit closing the case with the entire microscope in 
place. The complete unit ready to travel weighs about 
75 pounds, which aids in the stability and absence of 
vibration when projecting. No great difficulty has been 
encountered due to its weight on a number of long trips 
by train or by airplane. 
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TECHNETIUM—ELEMENT 43 


HISTORICAL INTRODUCTION 


The Puzzle of the Missing Elements. At about the 
middle of the nineteenth century, approximately fifty- 
five elements were known, most of them discovered by 
the then newly developed methods of analytical chem- 
istry. During the same period, Mendeleev (31) de- 
vised the Periodic System, by means of which he pre- 
dicted several new elements needed to fill up the blanks 
in his table. Only a few of these, notably germanium 
and scandium, were discovered by analytical methods. 
The missing elements were believed to be very rare or 
unusually difficult to isolate, or both (63). Therefore 
a more powerful analytical tool was needed if the 
puzzle of the missing elements was to be solved. 

Optical Spectroscopy. Such a tool was provided in the 
optical spectroscopic methods of Bunsen and Kirchoff. 
These methods made possible the discovery of rubidium, 
cesium, thallium, indium, all of the inert gases (Group 
O), and many of the rare earths, although there were 
still many blank spaces. 

Natural Radioactivity. At about the beginning of 
the twentieth century, a new and still more powerful 
method made possible the discovery of radium, po- 
lonium, and other new elements. This new analytical 
tool, radioactivity, is the most sensitive technique now 
known, being capable of detecting radioactive isotopes 
in concentrations much smaller than would be possible 
even by spectroscopic methods (53). This method is 
applicable only to unstable atoms in the process of de- 
composition, and unstable isotopes of mean life much 
less than the order of 10° years are not considered ca- 
pable of existing in natural minerals. Its range of ap- 
plication is therefore limited. 

X-ray Spectroscopy. In 1912, Moseley (32), by use 
of a new analytical tool, X-ray spectroscopy, discovered 
a regularity in the X-ray spectra of the elements. The 
square root of the frequency of X-radiation plotted 
against the original number obtained from the periodic 
chart gave a straight line if provision were made for 
the gaps in the periodic chart. Experimental measure- 
ments were made for all known elements of ordinal 
numbers 1 through 79, and the experimentally deter- 
mined ordinal numbers have since generally been re- 
ferred to as atomic numbers. By determination of the 
atomic number of lanthanum, 57, and tantalum, 73, the 
total number of possible rare earths was determined for 
the first time, and Moseley was thus able to predict the 
total number of elements between hydrogen and ura- 
nium. At the time of Moseley, the remaining blanks 
were for the elements of atomic numbers 43, 61, 72, 75, 
85, 87, and 91. Use of X-ray spectroscopy led to the 
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discovery of hafnium, 72, rhenium, 75, and protactin- 
ium, 91, in natural ores, still leaving four blank spaces 
in the periodic chart. 

Artificial Radioactivity. Artificially induced radio 
activity was demonstrated for the first time by Curie 
and Joliot in 1934 (7). 

The completion of the periodic system, and also its 
extension to include atomic numbers up to 98, was 
made possible by the artificial preparation of elements 
not existing in nature. Thus in recent years, the re 
maining blanks, 43, 61, 85, and 87, were filled in, and 
also the “transuranium” elements, 93, 94, 95, 96, 97, 
and 98 have been prepared without the previous iden- 
tification of these elements in nature. 


CLAIMS OF DISCOVERY 


Various workers have claimed the discovery in nature 
of “eka-manganese,”’ among them the following, each 
listed with the name suggested by the purported dis- 
coverer and the date of his claim (9): 


Kern 
Hermann 


1877 
1846 


Davym 
Tilmenium 
Barriere Lucium 1896 
Ogawa Nipponium 1908 
None of the preceding claims has been substantiated (7). 

In 1925, a series of investigations by Noddack, Tacke, 
and Berg resulted in the report and claim of discovery 
of elements 43 and 75, identified by X-ray spectro- 
scopic methods, claimed to have been found in plati- 
num ores and columbite, and these elements were given 
the names masurium and rhenium, respectively (2, 3, 
9, 36, 37, 38, 39, 55). Despite considerable investiga- 
tion, this discovery of element 43 was never confirmed, 
and therefore has not been accepted. However, the 
discovery of rhenium, 75, by these workers has been 
recognized. 

Fgyne and Rosenqvist (13) reported a feeble a 
activity in the HCl-insoluble impurities of commercial 
zinc, which they assumed to be possibly derived from 
the so-called masurium. This was also not confirmed. 

In a meeting held in Amsterdam, the Netherlands, 
September 2-5, 1949, the International Union of Chem- 
istry changed its name to the International Union 0 
Pure and Applied Chemistry, and at the same time, 
officially approved the name technetium, Te, to replace 
the former name masurium, Ma, proposed by Noddack 
and his co-workers for element 43 (6). This action 
gave approval to the suggestion of Perrier and Segr 
(46), who proposed this name to indicate the fact that 
this element had been first prepared artificially by 
them in 1937. 
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PREDICTIONS 


The existence of ‘“‘eka-manganese” was expected since 
the first acceptance of the periodic system. 

Moseley (32) showed the atomic number of molyb- 
denum to be 42, and that of ruthenium to be 44, thus 
indicating that an element of atomic number 43 must 
be placed in the periodic chart in the same subgroup 
with manganese, and identifying the expected eka- 
manganese as element 43. 

By comparison of isotopic numbers (I = A — 22), 
of the elements with odd atomic numbers, Brown (3) 
and Grégoire (15) predicted that the 97 and 99 iso- 
topes.of element 43 would be stable. However, Jensen 
(20) believed it to be doubtful that any stable nuclei 
of element 43 could exist, or that any 6-active isotope 
of long life could exist. 

From a study of the magnetic properties of the ele- 
ments in the series Hf-Pt and Y—Pd, Mathiew (28) 
concluded that these elements do not exist as ions. 

Loring (9, 26) predicted element 43 to consist of two 
isotopes, of mass numbers 99 and 101. 

PREPARATION 
A. By Artificial Radioactivity 

Technetium was first prepared in the Berkeley cyclo- 
tron by Perrier and Segré in 1937, and later in the 
Massachusetts Institute of Technology cyclotron and 
dsewhere, by bombardment of molybdenum with 


neutrons or deuterons according to the reactions (42, 
48, 49, 50, 52, 53, 54): 


aMoA + on! > + 
+ 1H? > + gn! 


It was found that the new element resembled rhe- 
nium very closely, and was somewhat less similar to 
manganese (24, 42, 46, 47, 53). Maurer and Ramm 
(29) also prepared it by neutron bombardment of 
molybdenum, and found the isotope thus produced 
tohave a half-life of 14.0 + 0.3 minutes. 

The deuteron bombardment of molybdenum pro- 
duced 43T'¢ isotopes with half-lives of 90 days and 62 
days (4, 5, 51). 

Ferrier and Segré (23) reported that bombardment 
of molybdenum with neutrons produced a radioelement 
of half-life of some months. They concluded that this 
activity was due to «Tc, because the activity tends to 
follow manganese and rhenium, added as carriers, al- 
though the product is chemically distinct from either 
(27) 


This technique of adding a carrier in order to deter- 
mine the chemical nature of a radioelement present 
only in traces was developed by Perrier and Segré (23, 
2). Although it may lack the completeness possible 
when visible samples of the element are available, it 
makes possible at least the general characterization of 
an element present only in traces so minute that the 
only possible means of detecting its presence is the ob- 
servation of its radioactivity. In the previous ex- 
ample, the manganese and rhenium added were not 
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radioactive, and the new element was active but present 
in very small traces. By carrying out a series of chemi- 
cal separations, involving the distinctive properties of 
manganese and rhenium, it was found that the frac- 
tions containing these carriers after the chemical sepa- 
rations showed distinct radioactivity. This result in- 
dicates that the element studied is similar in properties 
to these two elements, and therefore is a congener be- 
longing to the same subgroup of the periodic chart. 
Element 43 is the only likely congener, and this fact 
served to identify the new element as number 43. At 
the same time, more radioactivity was found in the 
rhenium fractions than in the manganese fractions, 
thus indicating the greater similarity of the new ele- 
ment to rhenium than to manganese. This method does 
not make possible the establishment without doubt of 
exact chemical reactions, but does at least give a char- 
acterization which otherwise would be impossible. 

In 1939, Seaborg and Segré (1, 51) obtained detectable 
X-ray spectral lines due to element 43, although the 
amounts available were not sufficient for optical spec- 
troscopy. 

Technetium has also been prepared by a-bombard- 
ment of niobium, formerly called columbium (6, 22, 50, 
53), and the technetium thus produced may be sepa- 


aNb® + sat + on! 


rated from the niobium by sublimation in a stream of 
oxygen (54), since the higher oxides of technetium are 
volatile. 

An isotope of .:Tc is formed by -decay of radio- 
molybdenum (2/). The long-lived isotopes of techne- 
tium formed by deuteron bombardment of molyb- 
denum give magnetic spectrogram lines corresponding 
to y-rays of 87 and 184k.e.v. Magnetic spectrograms 
of radioactive technetium contain two lines due to con- 
version in the K and L shells, with y-ray energy of 129 
k. e. v. (21). 

Other transmutations induced by bombardment that 
result in the formation of 4;Tc isotopes of short half-life 
are the following (8, 10, 11, 19, 25, 42, 60, 51): 

+ iH? aTcA-? + 2He* 
aMo® + ,H! + on! 
aMo4 + ,H! gTcA + on! 

The last reaction produces radioisotopes of unde- 
termined mass numbers and half-lives 110 hours, 18 
sec., and 2 days (10, 11, 50,51). The Tc® isotope pro- 
duced in the second reaction has a half-life of 2.7 hours 
(8, 22, 50, 54). 


B. By Nuclear Fission 

More than eight radioactive isotopes have been iden- 
tified among the fission products of uranium (17). 
Among these, Hahn and Strassman (44) recognized 
three isotopes of molybdenum produced by fission of 
uranium by neutron bombardment: »Mo'™ of 14 
minute half-life; Mo” of 67 hour half-life; and an 
isotope «Mo of undetermined mass number and 12 
minute half-life. Each of these decomposes by §- 


emission to form «Tec (47, 50, 55). 
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The 43Tc¢ produced from the 12-minute 4.Mo is stated 
to be “very short lived’”’ (16), but the decomposition 
products are not stated. The isotope .,Tc” is reported 
to be long-lived, but 4,Tc'! is B-active with 14-minute 
half-life (18). 


Maurer and Ramm (30) also reported the production 
of radioactive molybdenum by slow neutron bombard- 
ment of uranium and that one of the products of 6- 
decay of the molybdenum is an isotope of Tc. Ab- 
sorption measurements yielded the upper limit of the 
B-spectrum of this isotope as approximately 400 k. e. v. 
Peed (40) and co-workers made X-ray emission spectra 
photographs of .;Tce produced by uranium fission. 
Kozima (23) reported that slow neutron bombard- 
ment of molybdenum yields .3:Tc'', having a half-life 
of 9 minutes, and 6-energy of 1.4 X 10° e. v. 

Other workers (5, 14, 24, 33, 34, 35, 48, 51) have re- 
ported 4;Te isotopes of half-lives 2 X 10° years, 10° 
years, 3 X 10° years, 40 years, 90 days, 80 days, and 
50 days, in addition to the much shorter-lived isotopes 
mentioned above. None of the preceding methods 
produced visible samples, and the quantities of tech- 
netium were too smail for any but radiochemical 
studies. 


ISOLATION 


Flagg and Bleidner (1/2) developed a chemical 
method for isolating technetium as a pure compound, 
and as pure technetium metal. The technetium was 
produced by bombardment of molybdenum plates by 
deuterons, and the technetium was separated chemi- 
cally as follows. The molybdenum plates after bom- 
bardment were dissolved in aqua regia, excess HNO; 
was added, and the solution was evaporated dry under 
an infrared lamp, adding HNO, as the solution evap- 
orated. The evaporation was repeated until the resi- 
due of MoO; was perfectly white. The white residue 
was taken up with 15 M aqueous ammonia, and after 
the solution was diluted and acidified to methyl orange, 
ammonium acetate was added, and the solution was 
heated to boiling. Then 1 N AgNO; was added, about 
10 per cent in excess. The precipitated AgeMoQO, was 
filtered and washed with 0.5 per cent AgNO;. The 
excess Ag+ was removed from the filtrate by addition 
of NH,I. Next aqua regia was added, and the solu- 
tion was evaporated almost to dryness. Finally con- 
centrated H,SO, was added and the solution was evap- 
orated to SO; fumes. The residue was diluted and 
filtered. It was assumed that this treatment yielded 
technetium in its highest stable valence state, probably 
+7, by analogy with manganese and rhenium. Tech- 
netium metal was then deposited electrolytically. 
Quantities produced amounted to no more than an in- 
visible radioactive film on the electrode. 

Technetium may be recovered from molybdenum 
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that has been bombarded by neutrons by a method 
devised by Perrier and Segré (41, 43). The bombarded 
molybdenum was treated with dilute aqueous ammonia, 
Most of the technetium and a few milligrams of molyb. 
denum are dissolved, free of rhenium. The technetium 
is separated from the molybdenum by precipitating 
the molybdenum with oxyquinoline. 

Perrier and Segré (42) also used the following method 
to isolate technetium from the surface of molybdenum 
plates that have been bombarded with neutrons or 
deuterons. After the bombardment, 200 mg. of the 
molybdenum metal was dissolved in aqua regia, 5 mg, 
rhenium was added as a carrier, and the solution was 
evaporated to dryness on a steam bath. The residue 
was extracted with water and dissolved in ammonia. 
The solution, containing the technetium, was saturated 
with H.S, manganese was added as a carrier, and the 
solution was allowed to stand overnight. The tech- 
netium precipitates as the sulfide, black. 

The first visible samples of technetium were pro- 
duced at the Clinton Laboratories of the Atomic 
Energy Commission. Parker, Reed, and Ruch (39) 
succeeded in isolating milligram amounts of techne- 
tium from uranium fission. All operations were ear- 
ried out by remote control, and the apparatus was sur- 
rounded by concrete walls. After bombardment of 
uranium slugs with neutrons, the product was dissolved 
in 37 per cent HCl, to produce a UC, slurry, which was 
oxidized with 30 per cent H,O, to produce UO.Ch, and 
then treated with liquid bromine to remove the excess 
H,02.. To the UO.Cl, thus produced, PtCl. was 
added, and the solution was saturated with H.S. The 
technetium precipitated as the sulfide along with Pt$ 
as carrier. The combined precipitate was dissolved in 
30 per cent H,O, and 19 per cent NH; in aqueous solu- 
tion, and this solution was evaporated nearly to dry- 
ness. The pink residue probably contains TcO; and 
Te,O;. Sulfuric acid, 18 NV, was added, and the mixture 
was distilled. Technetium distilled off as the oxide. 

The mass number of 99 for this isotope was deter- 
mined on a Nier-type apparatus, and the half-life was 
determined by direct weighing of the sulfide as 5.5 X 
10° years. Aluminum absorption curves showed a }- 
energy of 0.31 + 0.03 m. e. v. 


CHEMICAL PROPERTIES 


Precipitation of the Sulfide. Parker and co-workers 
(39) determined that a solution of 100 ml. containing 
0.3 mg. Te precipitated completely without a carrier 
when HS was passed through a dilute acid (1-4 
HCl) solution until saturated. The precipitate was 
brownish-black, coagulated on cooling, and is probably 
Te:S;. The sulfide is readily filtrable on fine sintered 
glass. 

Technetium sulfide may also be precipitated from 
HCI solution (0.4-5.0 NV) using Re or Pt as coagulant 
(41, 43), the precipitation being complete in 24 hours. 
In 10 N HCl, technetium sulfide does not precipitate. 
Sulfides of technetium and rhenium are both vole 
at 100° C. in a current of chlorine. 
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Technetium sulfide is also precipitated by hydrogen 
sulfide in ammoniacal solution (43). 

Solubility of the Sulfide. The sulfide, Te2S:, is readily 
soluble in cold aqueous ammonia-H,O, mixture, to pro- 
duce a faint pink solution (39). Evaporation of the 
solution produces a pink crystalline residue, containing 
NH,TcO,. Continued heating changes the residue to 
a brown amorphous mass (39). 

Technetium sulfide is also soluble in cold aqueous 
ammonia, without the addition of H,O, (42). This 
property is analogous to that of rhenium sulfide. The 
sulfide is also stated to be insoluble in ammonium poly- 
sulfide (42). This last observation is surprising, and is 
not in agreement with the other observations men- 
tioned above, indicating the definite acidity of both the 
oxide and sulfide. If the sulfide dissolves in aqueous 
ammonia, it seems strange that it will not dissolve in 
“ammonium. polysulfide,”’ which always contains a 
considerable excess of ammonia. Furthermore, the 
ammonium polysulfide is a strong oxidizing agent, com- 
parable to hydrogen peroxide, and would tend to oxi- 
dize the technetium, or to keep it in its higher valence, 
in which both the oxide and the sulfide have been 
shown to be decidedly acidic. 

Separation. Addition of concentrated sulfuric acid 
and distillation removes technetium as the volatile 
oxide, Te2O7, and separates technetium from all known 
contaminants except rhenium. 

Technetium may be separated from rhenium by 
adding perchloric acid and distilling. Technetium 
distills more readily. After distilling about half of the 
solution, the distillate is relatively pure technetium, 
and all of the rhenium remains in the residue (39). 

Technetium is precipitated by ‘“niton,” diphenyl- 
endoanilohydratriazole (43). 

Technetium is separated from molybdenum by pre- 
cipitating molybdenum with oxyquinoline (41, 43). 

Coprecipitation. Most metals which form acid-in- 
soluble sulfides (Group 2 in the Noyes qualitative 
analysis scheme) coprecipitate technetium. Platinum 
coprecipitates technetium quantitatively from dilute 
acid solution (39). 

In ammoniacal solution, technetium sulfide is co- 
precipitated with manganese, iron, and zinc (43). 

Spectrographic Detection. The principal spectral 
lines, free from interference, that are useful for quali- 
tative identification of Te are those of wave lengths 
_* 4031.1, 4088.3, 4095.3, 4261.9, and 4297.2 A. 
39). 

Redox Potential. Flagg and Bleidner (12), after 
producing a solution containing technetium in its 
highest valence state, electrolyzed the solution in a 
Pregl micro electrolytic cell in a sulfuric acid solution 
of pH 2.36, using a platinum gauze cathode and a 
saturated calomel half-cell as the reference electrode. 
After applying a measured potential, the solution was 
Withdrawn from the cell with a pipet, and its activity 
was measured with a Geiger counter, previously cali- 
brated with uranium nitrate. This gave a measure of 


the amount of technetium remaining in solution, and 
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the difference between that remaining and that origi- 
nally present gave a measure of the amount of techne- 
tium precipitated. No activity was found on the 
anode, thus indicating that there is no anodic decom- 
position analogous to the deposition of MnO, on the 
anode during electrolysis of manganese solutions. The 
amount of technetium deposited was plotted against 
the electrode potential to indicate the potential at 
which decomposition begins. In the solution used, the 
decomposition potential was —0.146 v. Using the 
estimated value of [TcO,-] = 10-!? M, and [H*] = 
10? M, and substituting in the Nernst equation, this 
potential corresponds to E° = —0.41 v. for the equi- 
librium 
Te.) + 4H,0 = TcO,- + 8H* + 

This value is intermediate between those for man- 

ganese and rhenium 
E°(Mn = MnO,~) = —0.78 v. 
E°(Re = ReQ,~) = —0.15 v. 

From the accepted valence of manganese in perman- 
ganate and of rhenium in perrhenate, this value of E° 
(Te = TcO,-) gives at least forensic confirmation of 
the assumption of the +7 oxidation state for techne- 
tium in the compound produced in this investigation, 
in addition to the prediction by analogy from the 
periodic system. 

It will be noticed that the value of E° for Tc is closer 
to that for Re than to that for Mn. 

Action of Reducing Agents on TcO,-. The anion con- 
taining technetium in the +7 valence state (the per- 
technate ion) in acid solutions (H,SO,) was treated 
(12) with the following reducing agents: Zn, Sn, Ni, 
Pb, Cu, Hg', concentrated HCl solution, and 20 per 
cent SnCl, in 1: 1 HCl solution. 

All of the above metals produced a quantitative re- 
moval of the radioactivity of the original solution, in- 
dicating that the TcO,~ is reduced, either to Tc, or to 
an insoluble oxide. 

Chromatographic analysis was used for the liquid 
reducing agents to determine whether the technetium 
is anionic or cationic. Both concentrated HCl and 
SnCl, solution changed the radioactivity from anionic 
to cationic, thus indicating that TcO,~ is reduced to a 
cation, probably Te++, although no direct evidence is 
given to determine the valence change in the reaction. 

If to a solution containing radioactive heptavalent 
technetium (pertechnate ion), permanganate ion is 
added, and the solution is reduced with alcohol, the 
manganese is reduced to MnO:. None of the activity 
is found on the MnO». This indicates that pertechnate 
is not reduced to TcO, by alcohol (42). 

Technetium and Rhenium. Most chemical reactions 
of technetium are similar to those of rhenium. One 
distinction is reported by Perrier and Segré (42). 
When moist HCl is passed through 80 per cent H.SO, 
solution for one and a half hours, all rhenium appears 
in the distillate, and all the radioactivity (Tc) remains 
in the residue. 

When manganese and rheniuni are added to solutions 
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containing radioactive technetium, the activity follows 
the rhenium more closely than it follows manganese 
(19). 

The chemical properties of technetium are summa- 
rized in Table 1. 


TABLE 1 

Substance Reagent Product 
Te HNO;/HCl 
Te HNO;/H,0: Te,0, 
Te = + 
Tc,07 (aa.) 
HTcO, Evaporation 
HTcO, H.SO, (conc. ) 

>100°C. 

HTcO, HCIO, ( >100 °C. ) Te20x¢) 
H.S/H* CS is) 
TcO,- H,S/H* 
TcS H20:/N Haag.) 
TeS; H202/N Haag.) 
ToS; 3 oq. ) TcS,- 
TcQ.- Zn/ H 
TcO.- Sn/H* Te 
TcO.- Ni/H* Te 
TcO,- Pb/H* Tec 
TcO,- Cu/H* Te 
TcO,~ Hg/H* Tec 
TcO,- HC! (conc.) Tett 
TcO.- SnCl, (20%) 


NUCLEAR PROPERTIES 


The preparation and nuclear properties of technetium 
isotopes are listed in Table 2. 


TABLE 2 
Activity 
Isotope Preparation (emission) Half-life 
awMo®(p, n) 18 sec. 
aMo*p, n) 2 days 
Bt 53 min. 
n) Bt 2.7 hr. 
aMo*(p, n) y, K 4 days 
yr. 
arc” er vy, IT 6.6 hr. (5.9 hr.) 
—p- B- min. 
min. 
1.5 min. 
alcA n) 90 days 
aMoA(n, B~) 14 min. 
awMoA(p, n 110 hr. 
—s- Very short 
alcé 50 days; 80 days; 40 


yr.; 3 xX yr.; 
2,X yr. 


@ Nuclear isomers. 

+ Nuclear isomers. 

A = undetermined mass number. 
IT = isomeric transition. 

K = K-electron capture. 
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e A SIMPLE METHOD FOR THE PREPARATION 
OF TERTIARY AMINES’ 


Some time ago, in this laboratory we had need for 
rather large quantities of certain tertiary amines which 
were not available commercially. In addition, at that 
time, no intermediates suitable for the preparation of 
these amines were available other than the alkyl 
halides. Even though almost invariably undergradu- 
ate organic texts imply that reaction of alkyl halides 
with ammonia is not a suitable method for preparation 
of amines because of the difficulty of side reactions and 
separation of products, we were limited to this approach. 

A number of preparations®* of compounds of the 
type desired have been reported but these processes 
usually involve the use of high pressure in an autoclave 
as the result of the reaction of the alkyl halide with 
28 per cent aqueous ammonia or with anhydrous am- 
monia. Satisfactory yields were obtained in this 
laboratory by reaction of the alkyl halides with 28 per 
cent aqueous ammonia in an autoclave but because of 
the limited capacity of the equipment available (a 
maximum yield of about 30 g. per run) we were obliged 
to exploit other possibilities. 

Since the capacity of laboratory equipment suitable 
for working at atmospheric pressure is essentially un- 
limited, we adopted the method described in detail 
below in which the 28 per cent aqueous ammonia was 
diluted to a concentration equal to the solubility of 
ammonia at the temperature desired for carrying out 
the reaction with the alkyl halide. After a few simple 
experiments in which the ratio of ammonia to alkyl 
halide was varied to establish optimum conditions for 
formation of the tertiary amine, we were able to prepare 
these amines in satisfactory yields and in almost un- 
limited quantities. 

Because of the simplicity of conditions and equip- 
ment employed in this reaction, and because of the dis- 


' This work was done under the sponsorship of the Office of 
Naval Research, Contract N7-onr-346. 

* GRosHEINT?, Bull. soc. chim., 31, 391 (1879). 

*TaMELE, Orr, MARPLE, AND Hearne, Ind. Eng. Chem., 33, 
117 (1941). 
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couraging influence of most organic texts toward use of 
this reaction, it appears that the information may 
possibly be useful for adoption by high-school or college 
laboratories of limited equipment either as a laboratory 
experiment in the preparation of amines, or in the 
preparation of commercially unavailable amines re- 
quired for research. 


EXPERIMENTAL 


Triallyl Amine. The procedure for preparation of 
triallyl amine will illustrate the general procedure used. 
In a 3-liter three-necked flask equipped with stirrer, 
condenser, thermometer, and dropping funnel 274 g. 
(41/2 moles) of 28 per cent aqueous ammonia was diluted 
with 1050 g. of water (resulting concentration, 7.4 g. 
NH; per 100 g. water, equivalent to solubility at 100°). 
This solution was heated on a steam bath to 75° and 
363 g. (3 moles) of allyl bromide added through the 
dropping funnel at such a rate that gentle reflux was 
maintained throughout the addition. After addition 
was complete stirring and heating at this temperature 
were continued for three hours. After cooling, the 
oily layer which separated was removed and dried over 
solid sodium hydroxide. The cold aqueous solution 
was saturated with sodium hydroxide and the resulting 
oily layer which separated was added to the main 
product. After drying for twenty-four hours over solid 
sodium hydroxide the amines were distilled through an 
efficient column. 

Trimethallyl amine and tri-(2-chloroallyl)amine were 
prepared by similar procedures using methallyl chloride 
and 2-chloroallyl chloride, respectively. Results of 
these preparations are recorded in the accompanying 
table. 
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Yields of Amines 
% of theoretical 
Yield of Yield of B.P., Yield of yield 3° 
Reactant 1° amine, g. . 2° amine, g °C. 8° amine, g. °C. amine 
Allyl bromide 11.5 56-8 24 111-3 78.3 154-6 57.2 
Methally] chloride 10.5 70-73 42.3 144-6 24.7 184-9 13.7 
2-Chloroally] chloride Neg. ek Neg. a 175.7 120-2/10 mm. 73.5 
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Wir the past several years, there has been con- 
siderable development in the production of new syn- 
thetic ion-exchange resins. This development has been 
accompanied by numerous applications of these resins 
to various problems in research. The commercial im- 
portance of the resins makes it highly desirable that 
the student in the chemistry and in the chemical en- 
gineering curriculum obtain some familiarity with their 
fundamental properties and principles of operation and 
with the techniques involved in their use. 

While ion-exchange methods themselves are not new, 
the current interest in this tool is emphasized by the 
recent appearance of numerous articles on this subject 
in the various journals. The solution of such problems 
as the isolation and purification of certain rare earth 
(1, 2, 3) and transuranic (4, 5) elements has been ac- 
complished (6). Spedding has described the pilot 
plant scale separation of the rare earths (7). Ton-ex- 
change resins have aided in the isolation of antibiotics 
(8). In the field of analytical chemistry, the use of 
resin techniques can be applied to the elimination of in- 
terfering substances (9). A general, popular review of 
the uses of ion-exchange resins is given by Walton (/0). 
Several other articleshave recently appeared in the Jour- 
NAL OF CHEMICAL EpucatTIon on this subject (//, 12). 
Student experiments involving techniques employing 
ion-exchange resins are now quite feasible as a result of 
the availability of high-grade, high-capacity resins in 
laboratory quantities. These experiments may be 
appropriately introduced into the semiadvanced in- 
organic or physical chemistry program. Ion-exchange 
methods provide the field of inorganic chemistry with a 


1 Presented at the 118th Meeting of the American Chemical 
Society, Chicago, Illinois, September 3-8, 1950. 
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Figure 1. Elution of Copper Ion 


EXPERIMENTS WITH ION-EXCHANGE RESINS 
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separation process quite comparable in significance to 
that of distillation in organic chemistry. It is the pur- 
pose of this paper to describe suitable experiments which 
are performed by the senior chemistry students in our 
laboratories. 

Previously, Daniels, e/ al., in their “Experimental 
Physical Chemistry’’ (1/3), have suggested the use of 
ion-exchange resins in adsorption equilibrium experi- 
ments similar to the familiar study of the adsorption of 
acetic acid on charcoal. However, as the latter system 
has already been investigated by our junior students, 
little would be gained by having them perform an al- 
most identical experiment. An experiment involving 
the column separation (similar to a chromatographic 
separation) of two ions suggests itself as suitable for ion- 
exchange studies by the students. An experiment of 
this type is completely different from those normally 
performed in the undergraduate courses. We have 
found that it does stimulate the interest of the student. 

In order to choose an appropriate system for the 
study, one must first consider which analytical tool it is 
most desirable to employ in following the elution curves. 
We have chosen, for this purpose, volumetric titration 
in order that the student can conveniently and quickly 
analyze the large number of samples obtained during 
the course of the experiment. This also serves, par- 
tially at least, to correct the situation in the physical 
chemistry laboratory where chemical analytical meth- 
ods are almost completely de-emphasized in favor of 
physical tools. 
other methods, e. g., colorimetric or radiochemical 
methods, for the analyses. 


COPPER-SILVER SEPARATION 


The ions of copper and silver have been found to 
provide a suitable system for these studies. The silver 
ion is readily titrated with potassium thiocyanate using 
ferric alum as the indicator while an iodometric titration 
of copper with sodium thiosulfate can easily be carried 
out. 

Figures 1 and 2 represent, respectively, the data ob- 
tained for the elution of copper and silver ion alone from 
a 50-em. column of Amberlite IR 100-H resin. This is 
the hydrogen form of the resin. The column is con- 
veniently made by packing an ordinary stopcock buret 
with the resin. The stopcock, then, provides a meats 
of regulating the flow of material through the column. 

The ion (as silver or cupric nitrate in 0.1 N solution) 
is adsorbed at the top of the column and washed with 
distilled water. The effluent should test negatively for 
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Figure 2. Elution of Silver Ion 


bothions. The copper and silver ions are then eluted by 
passing 1 M sodium nitrate solution through at the 
rather rapid rate of 3 to 4 ml. per minute. The concen- 
tration of silver ion in the effluent is determined by ti- 
trating the subsequent 10-ml. samples with 0.05 N po- 
tassium thiocyanate. In the case of copper, potassium 
iodide is added to the sample, and the liberated iodine is 
titrated with 0.05 N sodium thiosulfate. The iodine 
serves as its own indicator in this titration. Toward 
the end of the elution, it will be found necessary to take 
samples larger than 10 ml. in order to obtain enough 
ion for the analysis. 

Because the analysis yields the amount of ion con- 
tained in a definite sample, the data are plotted in the 
form of a histogram rather than as a smooth curve. 
If the sample size differs from 10 ml., then the titration 
must be calculated in terms of the amount of ion con- 
tained in 10 ml. (or some other suitable volume). This 
value is then spread over the entire volume taken. 
The relatively great scatter of the experimental points 
results from the fact that only a few milliliters of 
titrant are required for each sample. This is necessary 
since the amount of ion is limited by the capacity of the 
resin. It also serves to speed the analysis considerably 
—a necessary requirement since the available time is 
severely limited. It is believed that this sacrifice of 
precision is not seriously detrimental to the experiment, 
since it is only desired to show the general nature of the 
elution curves. 

Figure 3 represents the separation of the binary 
copper-silver system. The curves are obtained as be- 
fore with the exception that the effluent sample is split 
in half before the titrations are carried out. The ferric 
alum indicator used in the silver titration interferes 
in the copper titration, making it necessary to use a 
separate sample for each component. 

It is seen that in this separation the copper is eluted 
before the silver. In general, the curves for the copper 
ion are much steeper and less drawn out than in the case 
of silver. In the curve of Figure 3, 65 per cent of the 
copper ion is eluted without any trace of silver. This 
effect, of course, increases with longer columns and de- 
creases with shorter columns. The elution of copper 
before silver appears to be anomalous since the lower 
valence states are normally expected to be held to the 
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resin less strongly than the higher valence states. 
However some difficulties are undoubtedly involved in 
this case due to the complexing of the ions. 

In performing ion-exchange experiments, one must 
be careful not to attempt to separate too great a quan- 
tity of material. If the resins become saturated with 
the ions the separation processes will not work. The 
maximum exchange capacity of the resin employed here 
is approximately 1 milliequivalent per ml. As men- 
tioned before, this severely limits the analytical tech- 
niques which it is possible to employ. 

The. following approximate values for the various 
variables are suggested for the experiments. None of 
the quantities is critical, so some variation is possible. 


3 milliequivalents 
50 cm. 

Column cross section.............. 1 

Rate of elution...................3 to 4 ml./min. 


Titrant concentration.............0. 


In the experiments described here, the student is re- 
quired to perform numerous titrations (50 or more). 
He therefore becomes accustomed to performing titra- 
tions in a routine manner, something which is normally 
not considered in the analytical laboratory. The ap- 
pearance of a large amount of data during the course of 
the afternoon also serves to create interest in the ex- 
periment. The determination of one binary separation 
curve is sufficient to keep a pair of hard-working stu- 
dents quite busy for a full afternoon laboratory session. 
If less time is available, it may be desirable to have the 
students study the elution of a single ion. The elution 
curves for different ions obtained by different students 
under similar conditions can then be compared as in- 
dicated by the comparison of Figures 1 and 2. 


65% — 


total effluent -ML. 
Figure 3. Elution of Silver and Copper Ions 


Important from the instructional point of view is the 
fact that the experiments themselves are almost en- 
tirely foolproof and require, therefore, little super- 
vision. It should be mentioned that the Amberlite 
resins are available in pound quantities at reasonable 
cost. Although the resins may be regenerated, we 
prefer to have each student start with fresh resin. 
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GEORGES DENIGES 


Not many chemists live into their tenth decade and far 
fewer continue active work in the laboratory after reach- 
ing four score and ten. However, longevity and ex- 
ceptionai retention of working powers do not in them- 
selves constitute claims to lasting distinction; what is 
done with these exceptional 
opportunities is the main 
item. 

Georges Denigés wasborn 
on December 25, 1859, at 
Bordeaux, and he has spent 
most of his life in his native 
city. Like many of the 
early French chemists, he 
came to chemistry through 
medicine. After receiving 
his M.D. degree at Bor- 
deaux in 1884, with a thesis, 
“Contribution a l’acidité de 
Vurine,” he went to Paris 
for trainingin science. His 
Docteur és sciences (1891), 
for which he offered the dissertation, ‘“Recherches sur 
les combinaisons de sulfites metalliques avec les amines 
aromatiques,” was followed by a third degree, Pharma- 
cien superieur (1892), with the thesis, ‘““Contribution a 
l’étude des lactoses.’”” He also secured the certificate 
“agrégé de chimie medicale,”’ 7. e., he was officially de- 
clared competent to teach this subject. In 1898 the 
University of Bordeaux created for him a chair of bio- 
logical chemistry, and he filled this post until 1930, 
when he reached the legal retiring age. His retirement 
by no means marked the close of his scientific career; 
as honorary professor he has continued to work and 


Georges Deniges at the age of 90 
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publish. Despite his advanced age he still goes to the 
laboratory regularly. 

Professor Denigés has put out almost 600 publication 
since his first paper appeared in 1880. These include § 
communications presented to the Academie des Science 
and inserted in its Comptes rendus. Special attentia 
is merited by six important papers in the Annales i 
Chimie: (1) A new cyanimetric method and its applies 
tions; (2) New classes of mercuric organic compound 


and their applications; (3) A critical and experimentd i 


study of the localization of arsenic; (4) A chronome 
method applied to quantitative analysis; (5) Analytic 
reactions of some organic functions based on thei 
transformation into aldehydic and ketonic derivative 
(6) Ceruleo-molybdimetry, applicable in microchenis 
try to the determination of phosphate and arsena 

A series of studies of triazol should also be noted. 

The bulk of his work has dealt with many and varie 
aspects of analytical chemistry. His contributions # 
microchemistry are especially important; they exten 
into all fields of inorganic, organic, and biological chem 
istry. For example, 125 notes, etc., have appeared @ 
microcrystalloscopy. 

His books include ‘“‘Lecgons d’ Analyse Qualitative su 
les Metalloides et leurs Principaux Derivés,’’ ‘“Préd 
de Chimie Analytique,” ‘Determination Rapide @ 
Concretions et Sables Urinaires.” 

Georges Denigés is an officier of the Legion of Hono 
He has been honored by the Academie des Sciences } 
the award of the Berthelot Medal and the Grand Pn 
Lacaze for chemistry. In 1897 he received the Pri 
Buignet of the Academie de Medicine. His membe 
ships include the Academies of Science, of Medicint 
and Pharmacy, the Belgian Academy of Medicine, ¢ 


(its 
st 
A 
sever 
ported 
pan 
Conws 
contra 
iffasi 
nt 
in bot 
it 
plicity 
dete 
Tt 
th 
th 
detai 
detail 
th 
its i 
pin Sen 
April, 


to the 


lication 
clude if 
Science 
ttentioy 
nales ¢ 
applic 
pound 
“imental 
ome 
valy tic 

vatives 
chemis 
rsenal 


1 varied 
tions 
ex end 
chem 
ared 0 


tive su 
boi 


ide de 


nces 
nd Pr 
he Pr 
r1embe 
edicin 


ne, 


VAPOR DIFFUSION METHODS IN 
QUALITATIVE AND QUANTITATIVE ANALYSIS’ 


Awatytican procedures of high precision based on 
use of the “Conway Unit’? have been described by 
several investigators.2, Most of the applications re- 
ported have been in connection with biochemical 
materials. In the method described by Werch’ for 
the determination of acetone in blood, milk, etc., 
Conway’s procedure is simplified and shortened. In 
contrast with the original procedure, in which a re- 
action goes to completion and the end product is 
titrated, in this, which may be designated as a kinetic 
diffusion method, the time for the reaction to reach 
a definite stage is measured with a stop watch. 

In this laboratory the method has been found useful 
in both detection and quantitative determination of a 
variety of volatile substances.‘ Because of the sim- 
plicity of equipment and small space required, the 
method seemed promising for both the quantitative 
and qualitative analysis courses in the detection and 
determination of the anions, as well as for control 
methods. 

The Conway unit is a simple glass diffusion dish 67 
mm. in diameter, having two concentric compartments, 
the outer wall having a ground edge to form a seal 
with the cover. Either liquid reagents or spot tests 
on paper are used. The indicating reagent is placed 
in the inner compartment, and the sample with re- 
agent to form the volatile product in the outer. The 
reaction in the inner compartment goes through a 
series of visible stages. Any well-marked change in 
color or pattern is selected for comparison, and by 
timing with a stop watch it is possible to estimate con- 
centrations over a wide range with considerable ac- 
curacy. The purpose of the continued investigation 
was to ascertain the limits of accuracy and to develop 
details of procedure for those substances for which 
the method is suited. 


AMMONIA 

Conway had devised a highly precise microdiffusion 
method for ammonia by the slower and more elaborate 
procedure. Although ammonia, because of its low 


density, seemed unpromising for the shorter method, 
its importance as a key substance in the analysis of a 


‘This research project was made possible by a grant from the 
Carnegie Foundation for the Advancement of Teaching. 
*Conway, E. J., “Micro-Diffusion Analysis and Volumetric 
Error,” Crosby, Lockwood and Son, Ltd., London, 1939. 
*Wercu, 8. C., J. Lab. Clin. Med., 25, 414-20 (1940). 
_ ‘Huaues, H., Preliminary report on “Use of the Conway Unit 
“ eg Analysis,” South Carolina Academy of Science, 
pri, 1939, 
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Vertical section on line AB 
Conway Unit with Cover Plate 


great variety of nitrogen compounds makes it desirable 
that we should have a reasonably accurate method for 
ammonia much simpler than those commonly in use. 

It became apparent at once that ammonia does not 
form a pattern with Nessler’s reagent. This is due 
largely to the fact that so light a gas must first mix 
with the air in the apparatus, and then diffuse more or 
less uniformly to the surface of the reagent. There- 
fore it was necessary to use a comparison method, for 
which a series of color standards had to be devised. 
The light absorption for different concentrations varies 
both in kind and intensity as well as in the proportion 
of reflected and transmitted light. Thirty-five series 
of liquid color standards were prepared before a satis- 
factory and reproducible one was found. One hundred 
and sixty-four determinations of ammonia were made 
in concentrations from 0.001 to 0.100 molar (17 to 
1700 parts per million) with these standards. In - 
addition, 34 determinations over the same range of 
concentrations were made with spot paper in the inner 
compartment of the dish. 
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The liquid standards for comparison were of two 
types: a suspension and a solution. The suitability 
of a particular standard depends upon the range of 
concentrations to be determined. Also, a standard 
should be selected for which the time readings are 
between ten and two hundred seconds. For the 
larger concentrations, an aqueous suspension of ferric 
oxide in ferric tartrate solution gave acceptable results. 
For concentrations of more than a few tenths per cent, 
better results were obtained by diluting the sample in 
ratio of 100:1. For low concentrations (which in- 
cludes the range covered by this report), a standard 
solution was made by mixing equal volumes of 0.01 M 
ferric thiocyanate and 1.0 M nickel chloride solutions. 
The ferric thiocyanate was made by combining exactly 
equivalent quantities of a ferric salt and ammonium 
thiocyanate to form the colored Fe(CN).s~~~ ion. 

To make the spot standards strips of C.S. and 8. 
spot paper were cut, and the corners trimmed off. 
These fit loosely in the inner compartment of the 
Conway unit. The standard is made by placing one 
drop of 0.1 N ferric chloride solution on the middle of 
the strip. When the drop is absorbed this is exposed 
to ammonia fumes to develop a light-brown, nearly 
circular spot of ferric hydroxide, 10 or 11 mm. in 
diameter. Excess ammonia is thoroughly evaporated. 
The fuming may be done conveniently in a Conway 
unit. Care must be taken not to contaminate any of 
the materials to be used, since the reagent is sensitive 
to 1 y of ammonia in the apparatus. The reagent used 
is a 4 : 1 dilution of the usual Nessler’s solution. When 
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the liquid standard is used in the comparison unit, 2 
ml. of reagent is put in the inner compartment of the 
test unit. When the spot standard is used, one drop 
of the reagent is placed at the center of a 12 x 34. 
mm. strip of Whatman No. 1 filter paper in the inner 
compartment of the test unit. This drop should 
spread to very nearly the same size as the standard 
spot on spot paper. The difference in absorbing 
quality of the papers allows for the difference in surface 
tension of the solutions used. It is, of course, unneces- 
sary to use an additional unit in the spot procedure, 
Although more convenient, the spot procedure has go 
far proved less reliable than the other. 

The alkaline reagent used for releasing ammonia, 
that recommended by Conway,’ is a saturated solution 
of potassium metaborate. One milliliter is put in the 
outer compartment, and the unit tilted gently to dis. 
tribute the solution. The unit is placed on a piece of 
white unglazed paper, and the cover plate, a piece of 
clear glass 75 X 75 mm., is put on, leaving a space 
at one side just wide enough to admit the tip of a 1.00 
mm. pipet for delivery of the unknown. It is con 
venient to tip the unit slightly by resting one side on 
the edge of a spare cover plate. As soon as the solution 
stops flowing from the pipet, the cover plate is slid into 
position, the unit placed level, and the stop watch 
started. With practice this can be done in less than 
one second. Even if several seconds are required, 
the measurement will be as reliable, provided the 
operation is carried out every time in precisely the 
same way. The color standerd, either a duplicate 
unit containing 0.9 ml. of fluid standard in the inner 
compartment, or the standard ferric hydroxide spot, 
is placed alongside. When the depth of color in the 
reaction vessel matches that of the standard, the stop 
watch is stopped. 

The measured time intervals depend upon a number 
of variables, temperature being one of major impor 
tance. The laboratory temperature should not vary 
by more than one or, at most, two degrees Centigrade 
during the measurement of a series. Other variables, 
in addition to concentration of the sample and re 
agents, are volumes of contents of the two compart 
ments, the thickness of the layer through which light 
is transmitted, and the type of light source. 

For measurements of small volumes, except that o 
the sample, dropping pipets are sufficiently accurate. 
These should be made from 7 or 8 mm. tubing, with 
tip ground even on a rather close grained stone. The 
other end is slightly flared to hold a 2-ml. rubber bulb. 
They are calibrated by counting the number of drops 
of the solution to make 1.0 ml. or 1.0 gram. No 
attempt should be made to deliver a portion of a drop. 
For example, in order to deliver 0.9 ml. from an 1% 
drop pipet, 16 drops are close enough. The student 
should be cautioned that the same pipet will not 
deliver the same number of drops per milliliter of dif 
ferent solutions. At least a dozen dropping pipets 
should be at hand. Several types of illumination have 

5 Conway, E. J., loc. cit. 
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heen tried, the best by far being fluorescent lamps 
either just over the work table or in the regular ceiling 


installation. 
PLOTTING RESULTS 


Results are determined graphically by interpolation 
on a reference chart. The relation between dilution 
(reciprocal of molar concentration) and time for the 
reaction to reach any selected stage is nearly, but not 
strictly, linear. A straight-line graph is satisfactory 
if the range of concentrations is divided into two parts; 
the first from 0.100 to 0.005 molar, the second from 
0,005 to 0.001 molar, and each of these be represented 
by a straight line. The slopes of these lines differ by 
a small angle. 

To make the reference chart, use two sheets of the 
commonly available letter-size graph paper divided 
into 24 vertical and 18 horizontal squares with sides 
subdivided by *fths. On one, let each division cor- 
respond to 10 units. Number the ordinates 0 to 240 
units of dilution (liters per mol), and the abscissas 
0 to 180 seconds. On the other sheet a smaller scale 
is used. Number the vertical divisions from 0 to 
1200, each division corresponding to 50 units of dilu- 
tion. The abscissas will have a range of 450 seconds, 
each division being 25 seconds. Do not number these 
until the known points have been fixed. 

Make a solution of 0.100 M NH,Cl, and dilutions of 
this of 0.005 and 0.001 M concentration. Label these, 
respectively, M/10, M/200, and M/1000. Make four 
determinations of each, and plot the average values 
on the chart. The M/200 point will be the upper 
one on the first sheet, and the lower one on the second. 
For the high dilution chart, select for the M/200 value, 
a point near the left of the sheet, and number the ab- 
scissas accordingly. These probably will start at 
100 and end at 550 on the right. It is suggested that 
for a laboratory exercise, nitrogen samples containing 
not less than 0.007 per cent NH; (0.004 N) be assigned 
for analysis. This will eliminate preparation of the 
second (high dilution) chart, and time readings of more 
than three minutes. If determinations of dilutions 
between M/100 and M/200 (0.017 and 0.009 per cent 
NH;) are to be made, somewhat better accuracy will 
be had by fixing also the M/125 point on the reference 
graph, since the slope changes appreciably in this 
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ability of the timing with a deviation of +6 seconds at 
the M/125 point. The centers of the small circles 
show an actual series of known concentrations. 

It will be noted that the graph cuts the time axis at 
about 5 to 7 seconds. This appears to be quite general 
and is interpreted as the interval that must elapse 
between the beginning of the reaction and the arrival 
of vapor at the surface of the indicator. From this 
point the rate of change is that of a first-order reaction. 


FURTHER DETERMINATIONS 


Roughly quantitative determinations have been 
made of hypochlorite, chloride, sulfite, carbonate, and 
cyanide ions, and methyl alcohol and formaldehyde. 
The procedure for hypochlorite is like that for ammonia. 
A strip of filter paper in the inner compartment is 
wet with one drop of a 0.05 M solution of potassium 
iodide buffered at a pH of 5. In the outer compart- 
ment is put 1.0 ml. of 18 N (1:1) sulfuric acid. 1.0 ml. 
of hypochlorite solution is pipetted in, the cover slid 
into place, and the dish rotated. With a 100: 1 dilu- 
tion of the 5.25 per cent commercial sodium hypo- 
chlorite solution, corresponding to 0.007 N OCl-, a 
uniform brown spot appears in six seconds, and is 
entirely bleached except for a very pale stain in six 
minutes. For a 0.003 N hypochlorite solution the 
times are 10 seconds and 10 minutes. The test is 
made more delicate by adding 2 ml. of 0.2 per cent 
starch solution to each milliequivalent of potassium 
iodide used in making the indicator solution. 

For chloride, the procedure is similar. The indi- 
cator is the buffered starch-potassium iodide solution 
just described. One drop of this is put on a strip of 
spot paper in the inner compartment. In the outer 
compartment is put one ml. each of saturated potas- 
sium permanganate and 18 N sulfuric acid solution. 
One ml. of the chloride sample is pipetted into this. A 
0.0001 M concentration (about 4 p. p. m.) of chloride 
produces a uniform lilac spot in three minutes. A 
0.0002 to 0.0010 M solution requires about two min- 
utes; and for a 0.005 M one, the time is less than one 
minute. 

Such rough-and-ready methods as these last are 
not offered for quantitative analysis, but may serve for 
preliminary estimates. Research in progress leads 
to the expectation of several kinetic-diffusion tech- 


region. A portion of such a chart is shown in the niques at least as accurate as that developed for am- 
figure. The broken lines d and d’ indicate the reli- monia. 
ERRATA 


In the table headed “Analogues of DDT,” page 654 in the December, 195Q issue, the com- 
pound designated by R; = 
point should be 89°. 

In Table 1, page 27, in the January, 1951 issue, the precipitant for methyl] ethyl ketone 
should be 2,4-dinitrophenylhydrazine and not 3,5-dinitrophenylhydrazine. 


R. = 4CH;O0C.H, was cited to melt at 109°. 
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OF GERHARDT' 


Laurent was one of the founders, probably 
the most important, of modern organic chemistry. 
Few chemists, however, even in his native France, 
have recognized his contributions to the development 
of chemistry. Whenever his name is mentioned in 
accounts of the history of organic chemistry it is usually 
associated with that of Charles Gerhardt, his collabora- 
tor, as if Laurent had not won a distinctive place among 
the chemists of his time, that included such leaders as 
Berzelius, Liebig, Wohler, Graham, and Dumas, several 
years before Laurent began to correspond with Gerhardt 
and ten years before Gerhardt moved to Paris in 1848 
to collaborate with him. 

The writings of Adolphe Wurtz are partly responsible 
for this misconception of the importance of Laurent. 
Wurtz was a great admirer of both Laurent and Ger- 
hardt, and it was the enthusiasm of Wurtz for the new 
chemistry, called at that time the unitary system, that 
finally led to its official adoption in France after 1890. 
In 1862 Wurtz published an éloge of Laurent and Ger- 
hardt in which he says: ‘The great figure of Gerhardt 
will not be separated from Laurent: their work was 
collective, their talent complementary, their influence 
reciprocal.? In 1868 he expressed the same idea.’ 
Since that time most of the writers dealing with this 
period have accepted this opinion of Wurtz, and as a 
result have credited to the collaboration of Laurent and 
Gerhardt what was in truth the work of one of them, 
Laurent. 

There have been published only two accounts of the 
life of Laurent based on original sources. Both of these 
are short. The earliest is the obituary published in the 
Journal of the Chemical Society of London.‘ It is not 
signed but was probably written by Alexander William- 
son. The otheris by Edouard Grimaux.’ The account 
of Laurent’s life which follows is a composite of these 
two, corrected, and amplified to a small extent, by refer- 
ence to publications in the journals of the period, and 
to the letters of Laurent and Gerhardt in Grimaux’s 
comprehensive work on Gerhardt. 


1 Presented before the Division of the History of Chemistry at 
the 117th Meeting of the American Chemical Society at Philadel- 
phia, Pennsylvania, April 12, 1950. 

2? Wurtz, Apo.pHE, Le Moniteur Scientifique, 4, 482 (August 1, 
1862). 

3 Wurtz, A., “Dictionnaire de Chimie,” 1868, xxxvii. Wurtz, 
A., “A History of Chemical] Theory,’ Translated and edited by 
Henry Watts, 1869, p. 83. 

4 J. Chem. Soc., 7, 149 (1855). 

* Grmavx, E., “Auguste Laurent,” Rev. Sci., [4] 6, 161-163 
(1896). 


AUGUSTE LAURENT—GUIDE AND INSPIRATION 


CLARA deMILT 
Newcomb College, Tulane University, New Orleans 
Louisiana 


Auguste Laurent was born November 14, 1807, at 
La Folie, a small village near Langres in the province of 
Haute Marne in northeastern France. His father, g 
wine merchant, intended him to succeed to the business 
and insisted that he learn bookkeeping. Laurent had 
no interest in business; he preferred to investigate the 
plants, rocks, and marshes in the countryside. He 
constructed a small mill which became an object of 
admiration by all who knew anything of the difficulties 
of such work. Laurent’s teachers recognized his talent 
in science and obtained his father’s consent to direct his 
courses toward preparation for college. In his memoir 
on chemistry his predilection for names and terms 
founded on Greek roots is the result of his training in the 
classics at this period. One of the reasons that has been 
offered for the failure of the French chemists of his day 
to recognize the value of his ideas was the elaborate, 
though logical, system of nomenclature, originated by 
Dumas but developed by Laurent, that he used in his 
papers. Among Laurent’s own inventions that have 
survived are phenyl and anhydride. 

With his brother Charles he was sent to the small 
college at Gray near his home, and in 1826, with the 
help of a maternal uncle, he entered the School of 
Mines in Paris as a day student. In 1828 he was sent 
on a mission to Germany where he visited mines and 
factories, on which he made careful observations and 
took notes that he later used in his work on inorganic 
chemistry. His first laboratory research in chemistry 
was on the ores of cobalt and arsenic. In his last yeat 
at the School of Mines he began the study of theoretical 
organic chemistry. 

Laurent received his diploma as an engineer of mines 
December 30, 1830, and shortly afterward became 
Dumas’ assistant at the Central School of Arts and 
Manufactures, a technical college founded in 1828 by 
Dumas and three others, all of whom were engineers. 
Working with Dumas, a great master of analysis and 
laboratory technique, Laurent learned organic analysis 
and began research. Dumas suggested the topic: 
a better method for the isolation of naphthalene from 
coal tar, its purification and analysis (then in doubt), 
and its reactions with the halogens and nitric acid. 


His first memoir on naphthalene appeared in 1832! 
He described the purified naphthalene crystals, cot 
firmed the formula of Faraday, CsH: (C = 6, the atomit 
weight of carbon advocated by Gay-Lussac), and re 
ported the vigorous reactions of chlorine, bromine, and 


6 Ann. Chim. et Phys., [2] 49, 214 (1832). 
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sitric acid with the hydrocarbon. The following year 
the first of his many papers on the chlorination of 
naphthalene appeared. In this paper are his first 
speculations on the chlorine substitution and addition 
products of naphthalene.’ He had prepared two chlo- 
rides: a solid and a liquid. He suggested that the 
ily chloride is probably analogous to “Dutch liquid” 
(ethylene chloride) on which he had already begun to 
work.2 In the second volume of Annales de Chimie et de 
Physique for 1835 Laurent described and outlined his 
theory of fundamental and derived radicals.° 

At the beginning of 1833 he had been appointed by 
Alexandre Brongniart to direct the testing laboratory 
at S@vres. At this time he discovered and published 
the process for the analysis of silicates by the action of 
hydrofluoric acid.” Analytical work in this porcelain 
factory was not congenial to him so he resigned, and in 
1835 he moved to a garret in Rue St. André des Arts 
where he fitted up a laboratory and opened a school. 
His pupils became deeply attached to him and many of 
them remained his friends as long as he lived. To his 
dismay he discovered that teaching students laboratory 
technique took up so much of his time that he had less 
for research in organic chemistry than he had had at 
Sevres. He dismissed the students and spent all his 
time on research. When his money was gone he re- 
opened the school and the students returned in a body, 
paying him regularly eighty francs a month. Again 
he dismissed the students. Once more he found himself 
without the funds to purchase the materials he needed, 
so he accepted the offer of a perfumer to work in his 
shop, where Laurent distilled essences and tested their 
purity. According to the account in the Journal of the 
Chemical Society he was so absorbed in his own re- 
searches carried out in this shop in Rue Bourg-l’Abbé, 
that he never demanded a regular salary and only 
occasionally asked for a five franc piece. When Laurent 
left the shop his employer settled his account and pre- 
sented him with 10,000 francs! Soon afterward he lost 
this money in an industrial venture and this sobering 
experience convinced him that it would be wise for him 
to devote his life to pure science. 

In this shop Laurent worked happily and effectively 
for almost two years; here he carried out the first of his 
famous experimental researches in organic chemistry. 
During this period he developed his ideas on substitu- 
tion reactions and worked out a classification of organic 
compounds based on the fundamental hydrocarbon 
radical of which they were derivatives, a radical com- 
posed always of the same number of carbon atoms. 
His published memoirs brought him into conflict, first 
with Dumas over the theory of substitution, later with 
liebig and Berzelius. Thus, before he was thirty he 
began the struggle for the recognition of his ideas, a 

" ibid., [2], 52, 275 (1833). 

* Laurent, A., “Méthode de Chimie,” 1854, 227; W. 


“Chemical Method,” Trans. of ‘Méthode de Chimie,” 1855, 187. 
Pr aa Chim. Phys., [2], 59, 376 (1835); E. Grmsavx, loc. cit., 


“Laurent, A., “Nouveau procédé pour analyses les silicates 
alealines,” Ann. Chim. Phys., [2] 58, 428 (1835). 
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Courtesy of the Edgar F. Smith Collection, University of Pennsylvania, 
Philadelphia, Pa. 


Auguste Laurent 


struggle that would continue without interruption 
until his death in 1853 at the age of forty-six. This 
struggle would end in the overthrow of the dualistic 
theory of the composition of organic compounds, which 
had been set up by Berzelius, based on Berzelius’ elec- 
trochemical theory of the constitution of inorganic 
oxides, salts, acids, and bases. 

Laurent presented and defended his theory of funda- 
mental and derived radicals (later called by Laurent the 
nucleus theory) as a thesis for the degree of Doctor of 
Science, December 20, 1837, before a committee of the 
Academy of Sciences composed of Dumas, Dulong, 
Beudant, and Despretz. One can be sure that of those 
who heard him only his former teacher, Dumas, under- 
stood the import of his assumptions. His thesis pre- 
sented a theory of the constitution of organic compounds 
supported by experimental evidence based on his own 
work on the reactions of chlorine, bromine, and nitric 
acid on organic compounds, mostly hydrocarbons." 
Laurent’s thesis was the first organized attack on the 
dualistic theory of Berzelius. 


11 His thesis was a summary of papers already published. He 
illustrated his theory by likening the fundamental radical to a 
geometrical figure. A fundamental] radical, as C*H™, might be 
thought of as a 4-faced prism with eight carbon atoms occupying 
the eight corners and with twelve hydrogen atoms attached to 
the middle points of the twelve edges. A. LauRENT, loc. cit., p. 
237; A. Lapensure, “A History of Chemistry,” 2nd ed., trans. 
by Leonard Dobbin, 1900, p. 144; E. Grravx, loc. cit., p. 164. 
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Charles Gerhardt 


Early in 1838 Laurent accepted a position in a por- 
celain factory in Luxembourg. His stay there was 
short. Not long after his return to Paris he was named 
professor of chemistry in the Faculty of the University 
of Bordeaux. In May, 1839, he married the daughter 
of a judge of the Superior Court in Luxembourg. 
Grimaux in his biography says that the widow of 
Laurent told him (in 1896) that Laurent’s vacations 
from the university were always spent at the home of 
his wife’s parents despite the long journey from Bor- 
deaux. 

At Bordeaux he found no laboratory, so that during 
the first year there, while he was fitting up a laboratory 
from his own small income, he spent much of his time 
with his associates on the faculty, especially with 
Lebesgue, a distinguished mathematician, and with 
the dean, Count de Collegno, professor of geology. 
The amount of his experimental work in this poorly 
equipped laboratory is truly amazing, especially when it 
is remembered that he worked alone. His investiga- 
tions center around three projects: (1) the study of 
the components of coal tar, which led in 1841 to the 
isolation of phenol and the preparation of its derivatives 
one of which, called by him nitrophénisique acid, was 
proved to be identical with picric acid, already known; 
(2) the study of indigo, from which he prepared isatin 
and its derivatives; (3) the completion of the work on 
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the derivatives of naphthalene, which included the ¢eor. 
rection of some of the formulas and relationships he had 
proposed in earlier papers, for example that of phthalic 
acid. 

Besides these beautiful researches he found time for 
an investigation of pine tar, from which he isolated 
pimaric acid, to say nothing of his occasional papers on 
some of the fatty acids, on complex salts of the metals, 
and on silicates. 

In all this work Laurent was collecting facts to sup. 
port the great idea conceived sometime in 1834: the 
organization of organic compounds and their reactions 
on a logical and understandable foundation. Op 
February 15, 1845, he wrote to Gerhardt: “Your 
classification is poor; (Laurent is criticizing volume one 
of Gerhardt’s “Précis,” his first textbook on organic 
chemistry published in July, 1844)..... Do you ever 
develop anything from your classification? No, noth- 
ing, absolutely nothing because there is no idea in it. 
A classification should offer a series of relationships, 
It is my opinion that without a dominating idea it is 
impossible to do anything.” 

In 1838 the attacks on Laurent’s so-called theory of 
substitution (opposition to the electrochemical theory) 
began in earnest. To Laurent this was not primarily 
a theory of substitution and therefore was not in any 
sense at variance with Dumas’ law of substitution. It 
was a theory of the constitution of organic compounds 
(what Dumas in 1840 called the type theory) the vali¢- 
ity of which was demonstrated by substitution and 
oxidation reactions. Liebig in the first number of the 
Annalen for 1838 devoted thirty-one pages to an attack 
on Laurent and his speculations.'* Compared with 
many of Liebig’s polemics against those who did not 
agree with him, his remarks on Laurent are mild. Lie 
big most certainly does not refute Laurent’s supposi- 
tions; most of the paper is taken up with a criticism o 
his analyses made in 1835, when Laurent’s laboratory 
facilities were inadequate. By the time this paper wa 
written he had reported the correction of most of thes 
analyses. In 1835 Laurent had published a paper on 
the benzoyl radical'* in which he describes benzil pre 
pared by passing a current of chlorine into fused ber 
zoin. He treated benzil with strong potash and ob 
tained an acid, which he did not analyze but whieh 
according to this theory he assumed to be benzoic acid 
(the acid was benzilic acid; this is the benzilic acid 
rearrangement). Liebig repeated the work and thre 
years later reminded Laurent that because of his spect 
lations he failed to discover a new acid. This paper d 
Liebig’s, which begins with his classic definition of 
radical, is often quoted to the detriment of Laurent.’ 
Liebig’s attack was followed by a more serious one bj 


12 Grimaux, E., “Charles Gerhardt, sa vie, son oeuvre, sa 00! 
respondance,” 1900, p. 344. . 

13 “Ueber Laurent’s Theorie der Organischen Verbindunget, 
Ann., 25, 1 (1838). 

14 Ann. Chim. Phys., [2] 59, 397 (1835). 

% LapENBURG, A., loc. cit., pp. 149, 163; E. von MBYsh, 
“History of Chemistry,” 3rd ed., trans. by George McGowal 
1906, p. 290. 
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Berzelius,"° who remarks on Laurent’s rare talent for 
research, “the value of which is considerably dimin- 
ished by his bizarre theories.” Berzelius, however, had 
mistakenly assumed that the idea that electronegative 
chlorine could replace electropositive hydrogen without 
essentially altering the nature of the substance was that 
of the French school, and he therefore directed the 
attack against Dumas. Dumas answered Berzelius."” 
He reminded Berzelius that his contribution was the law 
of substitutions, not a theory. He implied also that the 
work of Laurent was not to be relied upon. Laurent 
defended his position. He would assume all respon- 
sibility for the ideas opposed to the electrochemical 
theory as it applies to the constitution of organic com- 
pounds. 

Late in the summer of 1838 Dumas prepared tri- 
chloracetic acid. In April, 1839, the detailed paper on 
its reactions, its salts, and esters appeared. At the end 
of this paper Dumas announced a theory of types.” 
In February, 1840, Dumas presented to the Academy 
his now famous paper on the type theory.” Laurent’s 
caim to the priority of the theory of substitution 
(opposition to the electrochemical theory) and of types 
or derived radicals appeared in the March 9 issue of the 
Comptes rendus. This is the beginning of the contest 
between Dumas and Laurent that continued several 
years.?! 

Berzelius, whose dualistic theory had been given its 
(gath blow by the theory of types, was the first. to 
tecognize the priority of Laurent. Liebig’s recognition 
followed. In the summer of 1844 Laurent visited 
Giessen, where he gave “by request of the students in 
the laboratory an extempore discourse on his theories. 

Liebig offered him at that time an entire number 
of his Annalen for the publication of a review of his 
labors and of the ideas which had guided him in his 
researches; and three of the students offered to trans- 
late the work into English, German, and Italian.’’?* 
In 1845 Liebig’s student, A. W. Hofmann, in his paper 
on the chloroanilines discussed at some length Laurent’s 
ideas, pointing out that his own work offered additional 
proof of their validity.?* 

It was during this period that the correspondence 


% Compt. rend., 6, 633 (1838); Ann. Chim. Phys., (2], 67, 312 
(1838); E. Hyeur, “Geschichte der organischen Chemie,” 1916, 
p. 103. 

"Compt. rend., 6, 647, 699 (1838); C. ScHorLEmMeER, “The 
Rise and Development of Organic Chemistry,” 1894, p. 35. 

® Ann. Chim. Phys., [2], 72, 403 (1839). 

* Compt. rend., 8, 609 (1839); “Premier mémoire sur les types 
— Ann. Chim. Phys., [2], 73, 73 (1840); Ann., 35, 129 

). 

* “Memoire sur la loi des substitutions et la theorie des types,” 
Compt. rend., 10, 149 (1840). Dumas went too far in his enthu- 
siasm over this idea and Wohler’s letter in the Annalen [33, 308 
(1840)], signed S. C. H. Windler, pointed this out. For the 
English translation of this letter see H. B. Frrepman, “The 
(isn, of types—A satirical sketch,” J. Cum. Epvuc., 7, 635 

" Grmaux, F., Rev. Sci., [4] 6, 168 (1896). 

— J., “Auguste Laurent,” Am. J. Sci., [2], 16, 103 
* Ann., 53, 3 (1845). 
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between Laurent and Gerhardt began, probably in the 
winter of 1843-44, as the first letter that has been pre- 
served, one from Laurent to Gerhardt, dated July 4, 
1844, begins, ‘‘Mon cher collégue.”” Gerhardt in 1842 
had written an article published in Dr. Quesneville’s 
Revue Scientifique et Industrielle claiming the priority 
of the discovery of Laurent’s ‘“draconic’”’ acid for his 
friend Cahours. Gerhardt pointed out that draconic 
acid was identical with Cahour’s anisic acid reported 
earlier. In November, 1842, Laurent, convinced of the 
identity of the two acids and also of the younger chem- 
ist’s priority in the matter of publication, graciously 
conceded Cahour’s priority. Dr. Quesneville, who 
realized that Laurent and Gerhardt would have many 
interests in common, since both were opposed to the 
dualistic theory of Berzelius, arranged for a meeting of 
these two chemists at his home in Paris in the summer of 
1843. 

Laurent’s letters to Gerhardt written during the winter 
of 1844-45 show signs of his growing discontent with his 
life at Bordeaux. Gerhardt, also dissatisfied with his 
isolation at Montpellier,” said nothing in his replies to 
calm Laurent’s now rebellious spirit. His intellectual 
activity at Bordeaux had been intense and by 1845 he 
must have been exhausted. At long last his brilliant 
experimental work had been recognized in Paris. 
April 29, 1844, he was named chevalier de la Legion 
d’honneur; on August 11, 1845, he was elected a corre- 
sponding member of the Academy, replacing Faraday 
who was promoted to an associate. For some time he 
had entertained a hope of obtaining a position at the 
Mint. In the fall of 1845 he asked for a leave of ab- 
sence, and with his wife and son left Bordeaux. He 
arrived in Paris with little money, as he had received 
only one-half of his salary, and with no immediate 
prospect of a position. For the next two and a half 
years he divided his time between the instruction of 
students and researches of little consequence, mainly 
inorganic, carried out in the laboratories of his friends. 
His spirits were low, as is shown by his letters to Ger- 
hardt. His friends were urging him to break off rela- 
tions with Gerhardt, whose dictatorial manner and 
harsh denunciations of the work of other chemists had 
made him both feared and disliked. Liebig wrote to 
Laurent on January 30, 1846: ‘“...If you associate 
yourself with him [Gerhardt], it is you who will lose 
because he has nothing to lose. Read with attention 
my article (“Herr Gerhardt und die organische Chemie,” 
Ann., 57, 93, 1846) and tell me whether this man has the 
truth in his soul?.... I believe you to be a man of 
perfect loyalty and honesty who...has linked his 
destiny with that of a man without character and with- 
out morality.’’ 

On March 13, 1848, Laurent wrote to Gerhardt that 
he had been nominated assayer at the Mint to succeed 
Péligot. This position gave him no laboratory for his 
own work but the income enabled him to equip one. 
Thus, in ‘‘a corner of the Hétel de la Monnaie, in a kind 


24 OstwaLp, W., “Grosse Manner,” 1909, 229, 250. 
% Grimavx, F., “Charles Gerhardt,” 1900, p. 125. 
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of cellar, dark, damp, and unhealthy’’** Laurent carried 
out his last researches in organic chemistry” and here he 
contracted tuberculosis. Now that Laurent had a 
laboratory where the two friends could work together, 
Gerhardt decided to join him; so, also without the 
prospect of a position, Gerhardt left Montpellier on 
March 17, 1848. For two and a half years these two 
dissenters collaborated in most of their papers relating 
to the theory of organic chemistry. There is not the 
slightest doubt in the mind of this author that without 
this daily association with Laurent, Gerhardt could not 
have written his great treatise on organic chemistry.* 
His book would have been just another in the field, and 
Gerhardt’s name would be as little known as that of a 
host of able men working in Paris at this same time. 


26 J. Chem. Soc., 7, 154 (1855). 

27 In 1850 he prepared the acid which bears his name. Compt. 
rend., 31, 537 (1850). 

GerHARDT, C., ‘“Traité de Chimie Organique,” Vol. 1, 
1853; Vols. 2 and 3, 1854; Vol. 4, 1856. 


Courtesy of Professor Colin M. Mackall, The George Washington ery, 
Washington, D, C, 
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This bronze monument, designed by Péchiné, was erected in 1903 in the 
Place de 1’Hétel de Ville in Langres. The author has received word from 
l’Abbé F. Rabin, adjointau Maire de Langres, that it was removed by the 
Germans in World War II. 
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The influence of Laurent’s laboratory in the rapid 
development of the new organic chemistry has neve 
been appreciated. The author (Williamson?) of the 
obituary in the Journal of the Chemical Society has given 
an excellent account of the activity there and also of the 
manner of work of Laurent: ‘His laboratory was the 
rendezvous of a great number of scientific men; there 
was no lack of news there; and Laurent had every day 
some new result to announce, or some new idea t 
develop. Raw materials were also sent to him from ql] 
sides for examination.... Laurent possessed a degree 
of analytical tact never before known; his researches on 
naphthaline, indigo, bitter-almond oil, etc., remain as 
monuments to a genius for investigation which, unfor. 
tunately, will not soon be equalled.... [He] used 
small number of reagents...: chlorine, nitric acid, 
ammonia, sulfuric acid, potash.... Water, alcohol, 
ether, and the goniometer served him for the recogni- 
tion of his products. He was the first to employ the 
goniometer as a reagent, and no one knew better how to 
manage it.” 

In November, 1846, Laurent published his last im- 
portant paper on theoretical chemistry.” In this paper 
he develops at length the difference between an atom 
and a molecule and explains the basis for the new nota- 
tion used in the formulas of the organic compounds of 
nitrogen given in tables. A molecule is defined; the 
hypothesis of Avogadro (always referred to by Laurent 
as Ampére’s hypothesis) is discussed; the atom is dis 
tinguished from the molecule and from the equivalent.* 
In the last part of the paper (pages 293-298) Laurent 
outlines the water-type theory that was to be used in 
1850 by Williamson, and by Chancel in the synthesis of 
the ethers, and by Gerhardt in 1852 in the synthesis of 
the acid anhydrides. The great importance of this 
idea, however, was pointed out first by T. Sterry Hunt.” 
In later papers Hunt extended Laurent’s idea and on the 
basis of these papers claimed priority to the water-type 
theory in 1861.*? There is much justice in Hunt's 
claim, but that is another story. 

Among those who had followed the work of Laurent 
none was more conscious of its value than Leopold 
Gmelin. In 1847 word reached Paris that Gmelin in 
the first volume on organic chemistry (published in 
1848) of the 4th edition of the “Handbook” had 
adopted Laurent’s classification of organic compounds. 
At the anniversary meeting of the London Chemical 
Society of March 30, 1850, Laurent was elected a foreign 
member, along with Brongniart, Chevreul, Gay-Lussa¢, 
Gmelin, Kopp, Mitscherlich, Pelouze, Regnault, Rose, 
Thénard, and Wohler.**? Laurent’s work had been 


* “Recherches sur les combinaisons azotées,” Ann. Chim. 
Phys., [3], 18, 266 (1846). 

% Laurent’s adoption of Gerhardt’s so-called equivalents, and 
certain other aspects of his work, will be discussed in an article 
in Chymia, 4 (1951). 

31 Am. J. Sci., [2] 6, 173 (1848). 

#2 Hunt, T. S., “On the Theory of Types,” Am. J. Sci., (2) 
31, 256 (1861). 

33 J. Chem. Soc., 3, 97 (1850). 
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recognized in foreign countries but his native France 
had yet to offer him a laboratory. 

Late in 1850 Pelouze resigned the chair of chemistry 
in the Collége de France. Gerhardt applied but was 
told that he had no chance for the place. This left as 
candidates Balard and Laurent. Jean Baptiste Biot, 
who for many years had been professor of physics in this 
school, appeared in person before the faculty to support 
laurent. The vote in the faculty was thirteen to nine 
in favor of Laurent. The final decision, however, 
rested with the Academy. Biot wrote a letter to the 
committee of the Academy pointing out that Laurent 
with no laboratory was doing important research, 
whereas Balard with two fine laboratories was doing 
little in either of them. Biot’s efforts were in vain. 
The final vote in the Academy of twenty-five to eleven 
gave the chair to Balard.** 

Laurent’s last hope of a well-equipped laboratory was 
gone. Shortly after he received the news he collapsed. 
His physicians ordered him to give up all laboratory 
work. His laboratory was closed. His part—the 
major part—of the reform** movement was over. 
After Laurent’s laboratory was closed, Gerhardt or- 
ganized his School of Practical Chemistry. Kekulé 
attended Gerhardt’s conferences from May, 1851, until 
April, 1852, but Kekulé never saw Laurent. The 
friends of Laurent, especially Biot, Nicklés, and Balard 
urged him to organize his ideas and theories in the form 
ofa systematic work. At this, his last contribution to 
the advancement of the science to which he had devoted 
his life, be worked as long as he could hold 2 pen. The 
manuscript of ““Méthode de Chimie,”’*®’ published in 
1854, after his death, was recently presented to the 
French Academy for its Archives.* 

In January, 1852, Laurent was granted .a three- 
months’ leave; he spent part of the summer of 1852 in the 
country, and on his return in the fall he was sufficiently 
improved to present three papers to the Academy, on 
September 20, November 2, and November 22. These 
are his last published memoirs. He died April 15, 
1853. Gerhardt on May 16, 1853, wrote to Chancel, 
then at Montpellier, that even though he had been 
prepared for this sad event for a long while, it had 
affected him deeply. Then he says: “I know nothing 
about it. I learned of it only ten hours before the 
burial, as you did, through a simple announcement... . 
The burial was very sad, twenty or thirty persons at the 
most. Not a word at the grave!’ Ostwald writing of 


“ Grimaux, F., Rev. Sci. [4] 6, 162 (1896). 

* For another and different view of this reform movement see 
the article by Maurice Daumas in Chymia, 1, 155 (1948). 

* Anscutirz, R., “August Kekulé,” 1929, p. 28. 

"Translated by William Odling as “Chemical Method” and 
published in 1855 by the Cavendish Society. 

* The presentation was made by Marc Tiffeneau in the name of 
Madame Hermann Laurent, widow of the only son of Auguste 
Laurent. Tiffeneau’s remarks are worth quoting. He said: 
This work, which marks an epoch in the history of chemistry, 
contains all the principles of the work of reformation accom- 
fee by Laurent and Gerhardt.” Compt. rend., 209, 585 


this in his life of Gerhardt says: “Thus ends one of the 
blackest pages in the history of French science.”® 

The personality of Laurent was described in the first 
two obituaries published after his death; in the one by 
Nicklés in the American Journal of Science and in the 
obituary in the Journal of the Chemical Society. The 
remarks in the French journals are copied from the 
latter. The following is quoted from this source also. 
“Laurent was of a very kind and obliging disposition, 
extremely indulgent to others, and his friendship was 
capable of standing the severest tests. To a just senti- 
ment of his own dignity, he united great firmness of 
his convictions; his mind revolted from injustice, and 
he was always ready to acknowledge his errors and even 
go to the side of his adversary, as shown especially in his 
discussions with Gerhardt in 1844 [1843] on the consti- 
tution of draconic acid, etc. [This is the only mention 
of Gerhardt in the obituary.] He was one of those 
persons of whom it may be said that they improve upon 
acquaintance. Cold and reserved at first, he soon 
became confiding and expansive, and removed any 
unfavourable opinion of him formed from hearsay. 
He may have been envied, but he had no enemies; 
he sometimes met with ingratitude, even from those on 
whom he had conferred the greatest benefits:—such 
ingratitude, in fact, embittered his last moments.” 

What is the implication in this last sentence? To 
whose ingratitude is the author referring? He is 
undoubtedly referring to that of Gerhardt. It seems to 
the author of this paper that this conclusion is inescap- 
able. Here is some of the evidence: (1) Gerhardt’s 
letter to Chancel; (2) the omission of Gerhardt’s name 
as his friend in the obituary in the Journal of the 
Chemical Society; (3) the letter of Williamson to Ger- 
hardt written April 28, 1853, asking for details of 
Laurent’s life and Gerhardt’s reply of May 7, 1853”; 
(4) the omission of Gerhardt’s name as his friend in the 
account by Nicklés and the remarks about Laurent’s 
character; (5) the obituary of Gerhardt by Nicklés* 
in which Laurent’s name is mentioned several times but 
not as Gerhardt’s friend; (6) the silence of the English 
chemists for the next twenty-five years about what the 
German chemists called ‘‘Gerhardt’s system and his type 
theory.” 

What caused the parting of the ways of Laurent and 
Gerhardt the last few months of Laurent’s life and 
turned Laurent’s friends and admirers against Gerhardt 


39 OstwaLp, W., loc. cit., p. 247. 

“© Grimaux, F., “Charles Gerhardt,” 1900, p. 242. William- 
son writes, ‘You, certainly, more than any other person know 
the details of his life’ (trans. from the French of Grimaux). Ger- 
hardt in his reply speaks of Laurent’s manuscript of “Méthode de 
Chimie,” and adds: “I know only about its content, Laurent 
having told me some time ago (dans le temps) of certain parts . . . 
it is full of new and arresting views. I await its publication with 
impatience.’ This letter was written after April 27, the date 
of Nicklés’ communication on Laurent to the editor of the 
American Journal of Science, in which Nicklés says that he has 
the manuscript in his hands and that the printing of it will 
shortly follow. 

41 Am. J. Sci., 23, 102 (1856). 
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after Laurent’s death? No definite answer can now be 
given to this question. One can only make a guess: 
the appropriation of the water-type theory by Gerhardt 
in 1852 after his discovery of the acid anhydrides.*? 

What were these “greatest benefits” that Laurent had 
conferred upon Gerhardt? Before Gerhardt moved to 
Paris in March, 1848, to work in Laurent’s laboratory, 
Laurent in long letters criticized Gerhardt’s classifica- 
tion of organic compounds in the “Précis’’ and also in 
his papers; he pointed out to Gerhardt his mistake in 
disregarding entirely the theory of radicals so that 
Gerhardt developed his theory of residues; he explained 
to him in great detail that the terms, ‘atoms, equiva- 
lents, and volumes” are not synonymous!** (So stated 
in the “Précis.’’) Gerhardt in February, 1848, pub- 
lished a small but important book: “Introduction to the 
Study of Chemistry by the Unitary System.” It is 
dedicated to Laurent. It could not have been written 
by Gerhardt unless he bad had Laurent’s instruction, 
for the ideas are primarily those of Laurent. Gerhardt 
had an excellent memory, and great talent for the organ- 
ization and generalization of facts; his chief interest 
was in writing. His great treatise is written in the clear, 
easily followed, expositional style so characteristic of all 
his work and this accounts in large measure for its 
popularity. But he possessed little or no originality; 
he had almost no talent for and no real interest in 
experimental research, and he did not grasp new ideas 
readily. His confusion about principles stimulated 
Laurent’s thinking, and there is no question that 
Laurent’s association with Gerhardt helped Laurent to 
clarify and express his own ideas. Laurent could 
never have written a treatise that would have won over 
the German chemists of the time to the new organic 
chemistry. He was much too philosophic, too inter- 
ested in speculation, and too devoted to experimentation 
for this kind of work and he knew it. Gerhardt with his 
aggressive, dictatorial manner promoted Laurent’s 
ideas, and tried in so doing to promote his own interests, 
but because of his manner and his positive assertions he 
built up resistance, at least in Paris, to both of them. 
After Laurent’s death Gerhardt did no experimental 
work of any importance. The master who had guided 
him and inspired him to interpret the facts of chemistry 
was no longer there to direct the channels of his think- 
ing. But he finished his treatise. . 

Had Gerhardt in the preface to the first volume of this 
great work acknowledged his debt to Laurent; had he 
written an introduction to ‘Generalities,’ the last and 
by far the most important section of volume four of 


42 For a discussion of this the reader is referred to the account 
given by Grimaux in the life of Gerhardt, and to Ostwald’s com- 
ments on Grimaux’s excuses for Gerhardt’s behavior. The 
papers of Williamson, Chancel, and Gerhardt are enlightening, 
especially those in the Annalen. 

48 Grimavux, E., loc. cit., p. 531. 
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the ‘‘Traité,” an introduction in which credit was given 
where credit was due, to Hofmann, Frankland, William. 
son, Hunt, and, above all, to Laurent for their contri. 
butions to the theory of types; had he pointed out that 
Laurent was the first to clarify the terms equivalent, 
atom, molecule, the first to apply Ampére’s hypothesis 
to the determination of the molecular weights of volatile 
organic compounds—the history of organic chemistry 
as it has been written would be different. 

In the preface to volume one Gerhardt attributed the 
first type theory (1840) to Dumas. This from a man 
who had earned part of his income by writing for Dr, 
Quesneville’s Revue Scientifique et Industrielle, in which 
Laurent’s papers claiming his priority to this theory had 
appeared! The preface is dated June, 1853. Was it 
written before this and did Laurent learn of bis so-called 
friend’s perfidy before the book went to press? Per. 
haps. Kekulé is said to have read volume one in 
manuscript in 1852. Laurent’s friends, and most cer- 
tainly Dumas himself, recognized Gerhardt’s gesture to 
Dumas for what it was—a deliberate misstatement to 
further the interests of a man whose over-powering 
ambition had motivated his entire life. What Gerhardt 
desired most was a position in Paris. What Dumas 
offered him, and what he accepted, were two professor- 
ships at Strassburg, where once again he found himself 
isolated from the center of activity in chemistry— 
Paris. Here he died August 19, 1856. 

When Gerhardt wrote the “Generalities” he bad 
Laurent’s ‘Méthode de Chimie”’ in front of him, for he 
refers to it on page 599; but except for this reference to 
“Laurent et moi,” Laurent’s name is mentioned only in 
the discussion of certain experimental work. Gerhardt 
writes of “‘my classification,’ “my distinction between 
equivalents, atoms, and molecules,” ‘‘my idea of types.” 
He assumes the credit for all of them—hydrogen, hydro 
chloric acid, ammonia, water—not one of which orig: 
inated with him. 

His four-volume treatise was translated into German 
immediately following the appearance of the volumes 
in France. Cannizzaro and the German chemists at the 
Congress at Karlsruhe spoke only of Gerhardt’s system. 
After 1862, due to the efforts of Wurtz, some of them 
added the name of Laurent. 
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DESK AND POWER SUPPLY FOR THE 


BECKMAN SPECTROPHOTOMETER' 


Tux following description of accessory equipment for 
the Beckman Model DU spectrophotometer is the result 
of considerable effort directed toward devising an ar- 
rangement which would permit nearly constant use of 
this instrument with a minimum of maintenance. 
Since the Model DU is used so extensively, it was felt 
that publication of this report would be of value to 
other users of this instrument. The desks and power 
supply described herein have been in daily use for over a 
year and have given excellent service. 

In these laboratories two instruments were available, 
one being reserved for use with the tungsten lamp and 
the other being reserved for use with the hydrogen dis- 
charge light source. This arrangement eliminates 
changing lamp housings and the subsequent refocusing 
of the light beam. The power supply described below 
is suitable for use with both the tungsten and the hy- 
drogen discharge lamps. 


DESIGN OF THE DESK 


One of the few disadvantages of the Beckman instru- 
ment is that the position of the dials and controls on 
the horizontal top makes continuous work at this 
instrument extremely tiring. To overcome this diffi- 
culty, two desks were designed and constructed. The 
general design is similar to a standard double pedestal 
office desk, the essential feature being that there is no 
drawer or other obstruction on the under side of the top 
in the center section. This permits placing of the 
instrument at a lower level with respect to the operator, 
i.¢., the instrument is very nearly “sitting in the opera- 
tor’s lap.” The desk top is cut out at the center section 
insuch a way that it is possible to get close to the in- 
strument. These innovations permit the analyst to sit 
erect in a chair and read the instrument by simply 
bending his head downward. 

Figure 1 shows the desks and location of the power 
supplies. The left pedestal of each desk contains the 
storage batteries, charger and other electrical compo- 
nents of the circuit. The right pedestal of the desk in 
the background has a deep drawer in the position cor- 
responding to the hydrogen discharge lamp power 
supply which is visible in the foreground. The drawers 
visible in Figure 1 do not extend to the rear panel of the 
desk, thereby leaving space to bring the lamp leads 
through the desk top. All leads to the instruments are 

‘Contribution No. 135 from the Institute for Atomic Re- 


search, Ames, Iowa. Work was performed in the Ames Lab- 
oratory of the A. E. C. 


ANTON B. CARLSON, A. 8S. AYERS, and 
CHARLES V. BANKS 
Iowa State College, Ames, Iowa 


brought through small holes which were made in the 
desk tops. 

The desks were constructed of oak and plywood. 
The over-all dimensions are: 29 in. wide, 55 in. long, 
and 26 in. high. The dimensions of the top are such 
that the flame photometer attachment may be installed. 
Sufficient space is available, for a notebook in which to 
record data, at either side of the operator. 

The length of the plywood instrument cover is such 
that it can be closed when the large cell compartment 
accessory is in position for use. This cover lacks many 
aesthetic qualities, but was necessitated by cost con- 
siderations. 

The possibility of sloping the instrument toward the 
operator by means of wedges was considered, but not 
put into use because it increases the hazard of solution 
spillage from the cuvettes. 
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nected across the output 
leads. When the battery 
post connections were made 
as indicated in Figures 2 and 
3, no a.-c. ripple could be 
detected in the output. For 
spectrophotometerstability, 
this is a prime requisite. 
An attempt was made to 
employ an ordinary toggle 


Figure 2. Sch tic Diag and Parts List for Spectroph 


DESIGN OF THE POWER SUPPLY 


The power supply described below is simply an 
adaptation of well-known concepts of electricity. The 
actual design is probably quite similar to commercially 
available power supplies. 

Figure 2 shows the circuit diagram together with a 
list of its integral parts. The approximate cost of the 
power supply, less the two storage batteries and charger, 
is $30. This sum is very small when compared to the 
original investment for the Beckman instrument. 

A Sorenson voltage regulator is in use in these labora- 
tories to provide a constant 115-volt a.-c. source for 
various instruments including the spectrophotometers. 
Tests have indicated that voltage regulation is unneces- 
sary when operating the charger in conjunction with the 
tungsten lamp. Usually it is possible to charge the 
storage batteries when using the hydrogen discharge 
lamp; but since the current drain is very small, it is 
probably best to carry out the charging operation at a 
time when the instrument is not in use. A considera- 
tion of local power conditions must determine the neces- 
sity of voltage regulation. 

It can be seen from Figure 2 that the three switches 
turn off all power to the instrument except, of course, 
the 7'/:-volt batteries located in the bottom of the 
instrument case. These switches, together with their 
pilot lights, help to eliminate the chance that the 
instrument and lamps will be left on unnecessarily. 
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LEAD BATTERY POST 


Figure 3. Detailed Views of Battery Post Connections 


ter Power Supply switch in the storage bat- 


tery output. However, the 
combined voltage drop of the relatively high resistance 
switch together with that of the pilot lamp was suff- 
cient to appreciably lower the voltage supplied to the 
spectrophotometer. Under the condition of low input 
voltage, it was sometimes impossible to balance the 
instrument satisfactorily. Substitution with the mer- 
cury relay switch as indicated in Figure 2 overcame this 
difficulty. 

All electrical connections were made with No. 12 
plastic insulated wire. Care was exercised to ensure 
well-soldered connections in the output leads from the 
storage batteries. The three leads to the spectropho- 
tometer were sufficiently long to permit inverting the 
instrument to provide access to the internal “C”’ bat- 
teries. 


OPERATION 


The following is a list of the manual operations 
necessary to turn on the spectrophotometer, when the 
tungsten lamp is to be used. 

(1) Turn on switch No. 1 (see Figure 2), which 
supplies power to the battery charger, the hydrogen dis 
charge lamp power supply, and switch No. 3. 

(2) Turn on switch No. 2, which supplies charging 
current to the storage batteries. If switch No. 2 is 
when switch No. 1 is off, the batteries will discharge 
through the charger. 

(3) Turn on switch No. 3, which supplies power 
directly to the relay coil and indirectly to the spectro 
photometer. 

(4) Turn the instrument switch to check and tum 
on the tungsten lamp. 

(5) Balance the charge and discharge ammeters by 
means of the rheostat. 

The above steps are carried out in reverse order 
(omitting step 5) when turning off the power supply. 

When the hydrogen discharge lamp is to be used, 
steps 2 and 5 may be omitted, thereby permitting 
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operation of the instrument without concurrent charg- 
ing of the storage batteries. However, experience has 
indicated that the power supply is sufficiently stable to 
permit charging the storage batteries during use of the 
hydrogen discharge lamp; this procedure is being used 
in these laboratories. 

About once every month, the charge on the storage 
batteries should be checked with a hydrometer. If the 
charge is low, a period of free charging (steps 1 and 2 
above) should be instigated and the storage batteries 
returned to full charge. At the same time, when neces- 
sary, the electrolyte level should be adjusted by the 
addition of distilled water. Proper care of the storage 
batteries, as described above, will ensure a longer useful 
life. A dated record of all maintenance work should be 
kept as an aid in locating any trouble which may arise. 


ADDITIONAL ACCESSORIES 


Figure 4 shows some accessory equipment also con- 
structed in these laboratories. The large cell compart- 
ment was purchased from Beckman Instruments, Inc. 
The thermostatted cell compartment was constructed 
from plans supplied to us by Bell and Stryker.” 

The plywood boxes have proved very valuable. 
These accessories (cells, etc.) are quite expensive and 
justify adequate provision for their storage when not in 
use. 
The box which contains the large cell compartment 
was designed to hold the small cell compartment as 
well, thereby providing suitable storage space for either 
assembly . 


*Beui, P. H., anp C. R. StryKer, Science, 105, 415 (1947). 


AN IMPROVED STIRRER ASSEMBLY 


JOHN T. PATTON 
Wyandotte Chemicals Corporation 
Wyandotte, Michigan 


THERE are many reactions carried out in the average 
chemical laboratory which require the use of a leak-free 
stirring-assembly. Several such stirring devices have 
been described in the literature. _However, for some 
time there has been in use in this laboratory a stirrer 
seal (see illustration) which possesses several advan- 
tages over those which have been described. 

This assembly consists of a 18/9,standard ball joint 
through which passes the stirrer shaft. The socket 
portion of the joint is either sealed to a standard taper 
joint or inserted into a cork or rubber stopper and is 
fitted to the reaction flask. The ball portion of the 
joint is attached to the stirrer shaft by means of a piece 
of rubber tubing and rotates with the shaft. This as- 
ome may be used with any appropriate stirrer pro- 

The success of this assembly is dependent upon two 


Figure 4. Storage Contai 


The small block, which holds the 1-cm. cells in an 
upright position in their box, contains round holes 
which do not permit the optical surfaces of the cells to 
touch the sides of the holes. This arrangement permits 
the cells to drain and immobilizes them, thus preventing 
breakage. Furthermore, the optical surfaces are pro- 
tected from becoming scratched. 

Following a suggestion by Moeller and Brantley,’ 
slide rule hairline indicators were cemented to the wave 
length and the transmission-density scales. This simple 
modification minimizes the errors due to parallax and 
increases the accuracy of the measurements. 


3 MoELLER, T., AnD J. C. Brantiey, Anal. Chem., 22, 433 
(1950). 


factors. It must be so 
mounted that pressure is 
constantly exerted upon the 
seal and the seal must be 
adequately lubricated.! 

The advantages of this 
assembly are its simplicity, 
ease of construction, and 
relatively low cost. In this 
laboratory the stirrer has 
been used successfully at 
pressures both above and 
below atmospheric. 

We do not claim origi- 
nality for this assembly, but 
because of the interest ex- 
hibited in it by visitors to 
this laboratory, we feel that 
its description should be 
published. 


1 For most purposes we have 
found ‘Cello-Grease,’’ Fisher 
Scientific Company, Pittsburgh, 
Pa., to be a satisfactory lubri- 
cant. 
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Osrwap (1853-1932), who must be con- 
sidered as one of the pioneers of modern physical chem- 
istry, visited the United States in 1906. In a book he 
published a few years later (12) he makes a few state- 
ments pertaining to science and education which should 
be taken into far more serious consideration than has 
been the case so far. He points out that the American 
college in its present form takes too long to permit the 
student to reach the state of truly specialized training. 
This compels us to use the senior year as preparation 
for specialized studies, thereby depriving the student 
of nearly one year of still badly needed general educa- 
tion. He also severely criticizes the fact that far too 
many financial contributions made to our educational 
institutions are used for the erection of costly buildings, 
at the request of the donor, leaving nothing for the less 
conspicuous but nonetheless costly needs of truly 
scientific and educational equipment. How well 
Ostwald sized up the basic difference of fitting science 
into education in pre-Hitler Germany and pre-Stalin 
Russia, and America forty years ago becomes quite 
evident from the following citations. 

In an editorial which was published four years ago 
in one of our leading chemical journals there appeared 
the following statement: 


The dramatic story of the atom bomb brings home to informed 
Americans the startling and thoroughly disturbing fact that a 
large proportion of the advances in pure or fundamental research, 
not only in physics, but in biology, chemistry, medicine, and in 
practically every field of science, has been made by citizens of 
other countries. We find that the contributions in pure science 
coming out of our research institutions compare unfavorably in 
number with the total reported in the scientific journals devoted 
to fundamental research (11). 


A German scientist who visited the United States at 
that time added the following: 


An essential difference which appears to have been overlooked 
is the training method used by American universities. System- 
atic drilling as a method of instruction can provide sound knowl- 
edge, but is hardly apt to promote self-reliant thinking and the 


1 Presented at the Symposium on Comparisons Between 
English, French, and German Chemical Developments in the 
Nineteenth Century, which was held under the auspices of the 
Divisions of History of Chemistry and of Industrial and Engineer- 
ing Chemistry of the American Chemical Society at its 118th 
Meeting in Chicago, Illinois, September 3-8, 1950. 


The direction in which education starts 
a man will determine his future life. 


SCIENCE AND EDUCATION’ 


ERNST A. HAUSER 

Massachusetts Institute of Technology, Cambridge 
Massachusetts, and Worcester Polytechnic Institute, 
Worcester, Massachusetts 


Plato, 428-848 B.c. 


spirit of research. The excessive use of the textbook, to which 
the student is bound, works in the same direction (14). 


Looking at these statements objectively, it must be 
admitted that they are based on undeniable facts, §%} 
far the United States owes its greatness primarily to its 
unexcelled ability to develop discoveries on a large 
scale and, if needed, very quickly, as is best exemplified 
by our synthetic rubber industry. Further proof of 
how true this is not only in our education but also in 
industry prior to World War II can be offered with the 
following fact. When the former chief chemist of one 
of Germany’s largest rubber factories arrived in the 


United States in the late thirties, he was asked if he 
would consider it possible to produce polybutadiene 
rubber (Buna) for 15-20 cents per pound. When he 
said, ‘‘Not immediately, but unquestionably at a later 
date; just think of the indigo synthesis,” he was told 
that under those conditions no one could be interested. 
Even his remark that his company gained a lot of ex- 
perience working with the first experimental batches of 
Buna made no impression. 

Since the end of World War II and all its conse 
quences, the situation has undergone drastic changes. 
If we want to retain leadership in the world of today itis 
up to us to develop a young generation which is capable 
not only of setting production records but also of making 
new and basic discoveries. That I am not the only 
one who feels this way is shown in the following quote 
tion taken from a recently issued book written by one 
of our most outstanding educators: ‘Those who cot- 
trol our universities and colleges, like most other people, 
seem only vaguely aware that Western civilization can 
no longer run along on inertia, that it is in crisis, that 
it needs morally sound guidance, must have such guid- 
ance or perish. They do not seem to realize that 
things are so basically out of joint that we have no time 
left for slow and gradual betterment.’’ (1) 

To prove how true this is I would now like to quote 
from two addresses made by two leading industrialists 
at a recent meeting of the New Jersey Chapter of the 
American Institute of Chemists. This meeting was 
devoted to the problem: does present education prop- 
erly train chemists for industry? The first speaker (2) 
had this to say: “My response to the question o 
whether present education gives satisfactory preparé- 
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tion in fields other than the technical to chemists en- 
tering industry is rather categorically ‘no.’” The 
cond speaker (7) had this to say: ‘Education provides 
the future technician with the fundamentals in chemis- 
try and chemical engineering and education will also 
considerably improve or correct the ‘born aptitude,’ 
if the college or university training is well conducted. 
A weakness in our present educational system is that 
the young graduate hardly knows what chemists do in 
industry.” The U. 8S. Commissioner of Education 
recently made the following statement: ‘For all the 
recent progress in general education, there are still a 
very great number of institutions with curriculums 
organized in watertight compartments. Efforts to 
bridge or penetrate the barriers between departments 
are sometimes jealously resisted.”’ (9) 

This leads us to the basic problem of how science can 
best be fitted into our educational system without hav- 
ing to make too drastic changes. I think that I could 
not do better at this point than to quote the President 
of one of our leading universities (4)?: 


One of the difficulties in presenting science as part of general 
education at both the school and college level is that of selection. 
The progress in all the sciences in the last three hundred years 
has been so great that the factual information is enormous. 
Even the selection of the major principles to be expounded is no 
easy matter. Questions of the reality of atoms, molecules, elec- 
trons, neutrons, not to mention photons and light waves and 
three-dimensional space, we should want to postpone to a college 
course. And even at the college level some of us would doubt the 
student’s ability to handle them adequately as part of science. 
Rather, we should direct our students to study philosophy to 
see the various types of current answers. 


Perhaps of even greater importance for anyone inter- 
ested in the problem of why science is essential in 
modern education are the following statements (5)*: 


What is needed are methods for imparting some knowledge of 
the Tactics and Strategy of Science to those who are not scien- 
tists. But even if we agree that it is not more knowledge about 
science (more facts and principles) but some understanding of 
science that is required by the general public our pedagogic prob- 
lemisnot solved. For there are two ways of probing into complex 
human activities and their products: one is to retrace the steps 
by which certain end results have been produced, the other is to 
dissect the result. with the hope of revealing its structural pattern 
and exposing the logical relations of the component parts, and, 
incidentally, exposing also the inconsistencies and flaws. Philo- 
sophic and mathematical minds prefer the logical approach, but it 
is my belief that for nine people out of ten the historical method 
will yield more real understanding. 

_ The objective would be to give a greater degree of understand- 
ing of science by the close study of a relatively few historical ex- 
amples of the development of science. 

The case histories would almost all be chosen from the early 
days in the evolution of the modern discipline, as for example 
certain aspects of chemistry in the eighteenth and nineteenth 
centuries. The advantages of this method of approach are two- 
fold: first, relatively little factual knowledge is required either 
as regards the science in question or other sciences, and relatively 
little mathematics; second, in the early days one sees in clearest 
light the necessary fumblings of even intellectual giants when 
they are also pioneers; one comes to understand what science is 
by seeing how difficult it is in fact to carry out glib scientific 
precepts. 


* Reprinted by special permission of Dr. James B. Conant. 
* Reprinted by special permission of the publisher. 
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On this side of the ocean we certainly still do very 
little to give our college students what I would term a . 
general education which would be apt to promote self- 
reliant thinking, the spirit of research, and how the in- 
dividual can apply the basic knowledge he should have 
acquired to the benefit of his future and the future of 
the nation. An adequate education must involve ap- 
preciation of the nature of things, creative art, social 
relationships, religion, and appreciation of what science 
stands for (1,3). How true this is has only quite recently 
been expressed by the leading scientist of our times, 
Albert Einstein, in the following words: ‘Science 
without religion is lame, religion without science is 
blind.” 

This means that we must change our curricula so 
that our young people are first of all taught how to live 
and not just how to make a living. In doing this we 
could give our young generation a sound grounding in 
those philosophical principles on which the evolution of 
science is based. This will then also give them a solid 
foundation on which to develop what they have con- 
ceived. Above all, we must teach them that to be a 
successful scientist, textbook knowledge alone will 
never suffice and that they first of all must learn how to 
apply logically the knowledge they have gained. 
“The true aim of the teacher,’ Karl Pearson once said, 
“must be to impart an appreciation of methods and 
not a knowledge of facts.” 

The famous French scientist Henri Louis Le Chatelier 
(1850-1936) once stated that the following factors, 
given in the order of their importance, were necessary 
for success in science and education: enthusiasm, judg- 
ment, imagination, and a large fund of organized 
knowledge. To impart these factors to the student in a 
science course, the teacher himself must be enthusiastic 
about his subject and present it in an interesting and 
stimulating manner. This a textbook can never ac- 
complish. 

To offer proof of how true these statements are and 
how important they are in education, I would like to 
give a few specific examples from that field of science 
in which I have specialized for so many years, and 
which has been neglected far too long in this country 
(10), namely, colloid chemistry. 

In the Bakerian lecture delivered on February 5, 
1857, Michael Faraday (6) made the following state- 
ments: 


If a pint or two of the weak solution of gold chloride before 
described be put into a very clean glass bottle, a drop of the solu- 
tion of phosphorus in sulphide or carbon added, and the whole 
well shaken together, it immediately changes in appearance, 
becomes red, and being left for six or twelve hours, forms the ruby 
fluid; too much sulphide and phosphorus should not be added, 
for the reduced gold then tends to clot about the portions which 
sink to the bottom. 

Fluids thus prepared may differ much in appearance. . . . 
Those prepared with weaker solutions and in bottles are fre- 
quently amethystine or ruby in colour and apparently clear. 
They often remain unchanged for many months, and have all 
the appearance of solutions. But they never are such, containing 
in fact no dissolved, but only diffused, gold. The particles are 
easily rendered evident, by gathering the rays of the sun (or a 
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lamp) into a cone by a lens, and sending the part of the cone near 
the focus into the fluid; the cone becomes visible, and though the 
illuminated particles cannot be distinguished because of their 
minuteness, yet the light they reflect is golden in character, and 
seen to be abundant in proportion to the quantity of solid gold 
present. 


In studying the application of diffusion of solutions 
through appropriate membranes as a new analytical 
procedure, Thomas Graham made the following state- 
ment (8): 


The comparatively “fixed” class, as regards diffusion, is repre- 
sented by a different order of chemical substances, marked out by 
the absence of the power to crystallize, which are slow in the ex- 
treme. Among the latter are hydrated silicic acid, hydrated 
alumina and other metallic peroxides of the aluminous class, 
when they exist in the soluble form; with starch, dextrin, and the 
gums, caramel, tannin, albumen, gelatine, vegetable and animal 
extractive matters. Low diffusibility is not the only property 
which the bodies last enumerated possess in common. They 
are distinguished by the gelatinous character of their hydrates. 
Although often largely soluble in water, they are held in solution 
by a most feeble force. They appear singularly inert in the 
capacity of the acids and bases, and in all the ordinary chemical 
relations. But, on the other hand, their peculiar physical 
aggregation with the chemical indifference referred to appears to 
be required in substances that can intervene in the organic proc- 
esses of life. The plastic elements of the animal body are found 
in this class. As gelatine appears to be its type, it is proposed to 
designate substances of the class as colloids, and to speak of their 
peculiar form of aggregation as the colloidal condition of matter. 
Opposed to the colloidal is the crystalline condition. Substances 
affecting the latter form will be classed as crystalloids. The 
distinction is no doubt one of intimate molecular constitution. 


Perhaps the most striking proof of how important it 
would be to educate our young generation so that they 
at least know what science should stand for in their 
general education, is the discovery of the ultramicro- 
scope by Zsigmondy. This example should not be 
overlooked by modern educators because it will offer 
them the best proof for the importance of logical reason- 
ing and the philosophical approach to all problems 
pertaining to science in education. Richard Zsig- 
mondy was one of the most ardent supporters of the 
so-called solution theory, but by pure logical reasoning 
and strict adherence to the truth of experimental evi- 
dence he was the first to discover experimental means to 
solve the problem to a large extent and to prove the 
so-called heterogeneous theory of colloidal solutions 
which had already been postulated many years before 
by Wilhelm Ostwald (73). Since no one can describe 
better than he himself the reasoning that led him, in 
collaboration with H. Siedentopf, to the construction 
of what is known today as the ultramicroscope and to 
the first observations with the use of this new optical 
equipment, I shall quote verbatim (in translation) his 
first publication pertaining thereto. 


Since these fluids [Zsigmondy is referring to colloidal gold solu- 
tions which he had prepared and systematically studied | showed, 
in general, the mutual properties, and could in practice be dif- 
ferentiated from each other only by their greater or lesser turbid- 
ity, I assumed that turbidity is not an essential, but an incidental, 
characteristic of colloidal gold solutions, occasioned by the pres- 
ence of larger particles.... The addition of a minute quantity 
of the very turbid fluid to the perfectly clear one sufficed to endow 
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the latter with the polarized dispersion of the former, ag ey) 
denced by means of the light cone; and this made evident hoy 
small a quantity of coarse gold particles is necessary to produg 
in a gold solution, assumed to be homogeneous, the diffuse dis 
persion referred to... . 

It must be acknowledged, however, that although the fact, 
above referred to were favorable to my view, they gave no ey, 
dence of the existence of an optically clear gold solution. I hoped 
to be able to find out the truth by microscopical examination of 
the cone of light... . 

It seemed to me probable that the larger particles assumed to be 
present in gold hydrosols, whose previously mentioned property 
of dispersing transmitted light was known to me by the above ey. 
periments, could be made individually perceptible by a mien. 
scopic examination of the light cone; for if the small particles 
reflected enough sunlight, even if their size was below the limit 
of microscopic resolvability, they would, just as were the narrow 
rays of light, be individually perceptible under the microscop 
and act to a certain extent as fragments of such light slits. The 
microscopical investigation should also allow me to determine jf 
the space between the coarser individual particles was optically 
clear or filled with smaller gold particles. 


Those who have had occasion to observe a colloidal 
gold solution under the ultramicroscope will appreciate 
the vivid description of the phenomenon given by 
Zsigmondy in one of his lectures shortly after his epoch- 
making discovery. Having pointed out that lange 
gold particles float quietly in the fluid and slowly sink 
to the bottom or else show only an unimportant Brown- 
ian movement and that, by considering colloidal solu- 
tions as suspensions, one would naturally imagine that 
the gold particles in these, too, would be as quiet as 
those in the real suspensions, he added: 


How entirely erroneous was this idea! The small gofd particles 
no longer float, they move—and that with astonishing rapidity. 
A swarm of dancing gnats in a sunbeam will give one an idea of 
the motion of the gold particles in the hydrosol of gold! They 
hop, dance, jump, dash together, and fly away from each other, 
so that it is difficult in the whirl to get one’s bearings. . . . 

This motion gives an indication of the continuous mixing 
up of the fluid, and it lasts hours, weeks, months, and if the fluidis 
stable, even years. ... 

Sluggish and slow in comparison is the analogous Brownian 
movement of the larger gold particles in the fluid, which are the 
transition forms to ordinary gold that settles (16). 


I have picked these examples because a survey of the 
textbooks now available for the education of our young 
generation in this branch of science reveals that only 
one offers this information, thereby not only explaining 
to the reader what the ultramicroscope stands for but 
on what logical reasoning its discovery was based. | 
personally feel that it is the latter which is far more im- 
portant for a general education in science than to g0 
into great detail regarding its optics. 

The United States has today a unique chance to lead 
the whole world into a better and safer future. Its 
now up to us to reach this goal or face destruction of all 
for which the founders of our nation lived and fought. 
This is the greatest challenge education has ever faced 
in the United States. Now is the time to make drastit 
changes in our educational setup. In a world such 4% 
the one we are living in today it is our duty to see tot 
that science is taught to every citizen in a manner he 
can understand without cramming everyone’s bral 
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with unnecessary dogmas. But even those who infend 
to devote their lives exclusively to science must be 
educated comparably to the leading scientists of the 
nineteenth century. By this I mean that far more at- 
tation must be paid to offering our young generation 
of scientists-to-be all the information at our disposal 
now pertaining to the historical development of science 
and what has been accomplished thereby and why a 
gientist must also have a fairly strong background in 
philosophy in order to be successful. To accomplish 
this only those should be encouraged to make the teach- 
ing of science on the college level their life work who are 
prepared to take on a hard job with modest income (14), 
and who have realized that there are other things than 
money which can give satisfaction in life. 

The true purpose of education still should be what 
Socrates proclaimed, namely, to achieve individual 
independence and spiritual self-reliance (13). The 
true purpose of science should be to serve, not to dom- 
inate or subordinate the whole of life (12). The true 
purpose of education should be to have our young 
generation learn above all how timely are Plato’s 
words: “It is not the life of knowledge, not even if it 
included all sciences, that creates happiness and well- 
being. Without the knowledge of good and evil, the 
useand excellence of sciences will be found to have failed 
us.” 

This can best be accomplished by combining the high 


spots, so to speak, of the pre-Hitler and pre-Stalin 


European and American systems of education. This 
would give our young generation that grounding in those 
philosophical principles on which the evolution of 
science is based. Besides this we also must give them a 
basis on which they can form their own concepts. 
Above all, however, we must teach them that textbook 
knowledge alone will not suffice. This can only be done 
if the students never get the impression that an iron 
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curtain exists between themselves and their teachers. 

It would be beyond the scope of this paper to go 
into a detailed discussion of the changes which I would 
consider most essential. Here we have a unique op- 
portunity for a committee composed of experts in ed- 
ucation, both in pre-war Europe and in the United 
States, and leaders in science to work out a truly satis- 
factory educational system. 

If we do not make drastic changes soon, it might be 
too late, for time is moving fast, and not only our educa- 
tion, but the whole world might be facing a crisis. 
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SUMMER COURSES IN CHEMICAL MICROSCOPY 


Instruction in chemical microscopy will be given at Cornell University during 
the coming Summer Session, if warranted by advance enrollment. 

The introductory course includes lectures and laboratory work on micrometry 
and particle-size determination, optical properties of crystals and their behavior, 
lens systems and illumination, photomicrography, and studies of textile and paper 
fibers. A course in microscopical inorganic qualitative analysis will also be given. 

The session begins July 2 and continues for six weeks, but persons not desiring 
University credit may be able to cover in a shorter period those portions of the 
field most suited to their needs. Inquiries should be addressed to C. W. Mason, 
Olin Hall, Cornell University, Ithaca, New York. 
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T ue value of the periodic table in the teaching of all 
chemistry need hardly be emphasized. A single page 
summarizes thousands of facts concerning physical and 
chemical properties of the 98 known elements, and ele- 
vates inorganic chemistry from a collection of seemingly 
unrelated data to a systematic science. So great is the 
success of Mendeleev’s and Lothar Meyer’s discovery 
that its limitations are not always recognized and 
stressed. 

It is becoming more and more evident that in many 
cases the analogies predicted by the periodic table are 
only approximate, and that the generalizations cannot 
be carried too far. Only in the light elements do the 
chemical and physical properties strictly obey the 
periodic law. As the electronic structure becomes 
more complex, and the inner orbits begin to fill, the 
chemical analogies become less pronounced. 

The greatest difficulty in drawing up a periodic table 
is the assignment of position to the rare earth elements. 
In the more conventional types of periodic tables the 
rare earths are usually separated from the main body of 
the table and are presented apart in a horizontal line. 
After the discovery of the transuranium elements Sea- 
borg (/) postulated the existence of a second rare earth 
series beginning with thorium, which he proposed to call 
the “‘actinide series.’ The second incomplete rare 
earth series was separated from the table and placed in 
a horizontal line below the lanthanides. This proce- 
dure resulted in thorium, protactinium, and uranium los- 
ing their positions as homologues of hafnium, tantalum, 
and wolfram, respectively. Recently it was pointed 
out by Haissinsky (2, 3), Paneth (4, 5), Sidgwick (6), 
and others, that in doing so Seaborg has completely 
‘neglected all the chemical evidence relating the with- 
drawn three elements to columns IV, V, and VI of the 
periodic table. Such separation of these two series of 
elements from the main table would indicate that their 
chemical properties are as similar as the chemical 
properties of the isotopes of one element. This state- 
ment is not true for the lanthanides, where not only is 
there considerable difference in chemical properties be- 
tween, say, praseodymium and lutetium, but also some 
of the elements possess stable oxidation states different 
from three. These differences are still more pronounced 
in the actinides. The chemical properties of neighbor- 
ing elements of the two series may be similar, but in 
many cases no more so than the neighboring transition 
elements, and in the case of thorium, protactinium, and 
uranium, certainly much less. 

Since the periodic table should represent the varia- 
tion of chemical properties of the elements as a function 


VALENCY AND THE PERIODIC TABLE 
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of the atomic number, it seems reasonable to expect tha 
all the elements should be included in a single pictur, 
Such attempts have been made in the past. For the 
most part they were rather complicated arrangements, 
often in three dimensions (7, 8). Another table of this 
type is the modification of the Bohr-Thomsen-Akhumoy 
(9, 10, 11) periodic table shown in the figure. It in. 
cludes all the known elements and is thought to be 
of a much simpler form than previous attempts in this 
direction. The inclusion of the neutron can be justified 
by regarding it as an “element” with atomic number, 
The number of electrons in a shell is given by the ex. 
pression 2n? (7/2), where n is the principal quantum 
number. In the case of the neutron it can be said that 
n = O and the neutron is the first member of the 
periodic table with zero nuclear charge (13). 

While the addition of electrons occurs in the outer 
shells, the variation of the chemical properties smoothly 
follows the periodic law. Elements in the same family 
have, in general, similar outer electronic configurations 
and, therefore, the same spectral terms for the ground 
state of the atom. 

The first major discrepancy occurs in the sixth row. 
The first member, cesium, has xenon configuration and 
one 6s electron; the 6s shell is completed in the next 
element, barium, and the next one, lanthanum, has one 
5d electron. Cerium adds two 4f electrons while losing 
the 5d one. Its electronic configuration is quite dif- 
ferent from its homologues, zirconium, hafnium, o 
thorium. The 4/ electrons are somewhat more strongly 
bound than the 4d ones and, therefore, it is possible for 
cerium to form a trivalent ion with the configuration 
Xe4f! (Xe = xenon configuration). 

However, cerium also readily loses the last 4f elec 
tron and in doing so the tetravalent ion becomes 4 
homologue of the elements in the fourth column and has 
the same electronic configuration in the outer orbits. 

The next rare earth element, praseodymium, has 
three 4f electrons in the ground state. It easily gives 
the trivalent ion with the structure Xe4f? and can evel 
lose another of the 4f electrons to give the tetravalent 
oxide. The 4f shell becomes more stable, and, as was 
shown by the recent work of Marsh (14), Rabideau ant 
Glockler (15), and McCullough (16) the pentavalent 
state of praseodymium, which would be homologous t0 
the elements in the fifth column, is, as yet, unknowl. 
In neodymium, the 4f shell beconies even more stable 
and the +3 oxidation state seems to be the only one 
found so far (17). 

With ytterbium, the 4f shell is complete and this er 
plains the ease with which this element can be obtained 
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in the divalent state, anal- 
ogous to zinc and cadmium. 
The next element, lutetium, 
js akin to the trivalent ele- 
ments in the column III-B. 

The question as to where 
do 5f electrons begin to 
be added is still largely un- 
gttled. Spectroscopically 
they were found in uranium 
(18), but not in thorium 
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H 


Li |Be] |N|O|F 


(19). Recent investigation 
of the +3 oxidation state 
of thorium (20) seems to 


agree with the view that Kr}RbjSr] |Zr ¢ in [Sn] SbiTe| 1 [xe 
this element does not pos- » 
sess any Sf electrons. Af 
Seaborg (1) has stressed, ae 
however, that the differ- 


5f and 6d electrons may be 
of the order of magnitude 


of a chemical reaction. 


Thus the presence or the 
absence of the 5f electrons in 
the neutral atoms of the first three members of the 
actinides is relatively unimportant, since the chemical 
analogies are based on their highest oxidation states. 
This view makes thorium, protactinium, and uranium 
bona fide members of columns IV, V, and VI of the 
periodic table, without denying the possible existence in 
their neutral atoms of the Sf electrons. It is seen that 
the modified periodic table does in fact relate the dis- 
puted elements to the rare earths as well as to their 
more natural chemical homologues. 

It is quite true that neither the oxidation states of 
praseodymium and neobium, or neodymium and molyb- 
denum, or their chemical properties are in any way 
similar; however, this is inevitable because of the sud- 
den appearance of the 4f level at this point. 

A glance at the conventional form of the periodic 
table shows that at present the oxidation state is not 
necessarily the guiding principle in the assignment of 
positions to elements. In some cases, as with silver, 
the lowest valence determines the position of the ele- 
ment; in other cases, as with vanadium, it is the 
highest. It is also evident that the oxidation state 
determining the location of an element in the table is 
hot necessarily the most stable one. Such is the case 
of Cu, Au, Sn, Pb, and some of the halogens. In some 
cases (O+*, F +’, Brt’, transition elements) the oxida- 
tion state indicated by the column remains unknown. 

With further development of inorganic chemistry and 
especially with the increased knowledge of the “un- 
usual oxidation states’ (27), valency ceases to be the 
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paramount criterion for the position of an element in 
the periodic table. 
made as to the location of an element in the periodic 
table, depending on the choice of the physical or chemi- 
cal property used as a guide (3). 
rangements are possible, and the periodic table pro- 
posed herewith is one of them. 
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8 A MICROSCOPE CELL FOR 
LOW-TEMPERATURE WORK 


T ue examination of materials with a microscope at low 
temperatures using a liquid-cooled cell to contain the 
specimen is prevented by the condensation and subse- 
quent freezing of moisture on the cell or on the slides 
containing the sample if they are not completely en- 
closed. Unless some facility such as an absolutely dry 
room, a cold room, or a refrigerated box for the micro- 
scope is available, the observation of crystallization or 
other phenomena at temperatures below the dew point 
of the surrounding air is impossible. This problem was 
encountered and solved by the author while studying 
wax crystallization at temperatures down to —40°F. 
The simple piece of apparatus described herein was de- 
vised and constructed at that time and can be easily 
duplicated in any laboratory. 

Figure 1 shows an isometric cross section through the 
center of the base and cover of the cell which was used. 
The large cylindrical holes at the center of the cell are 
for the objective lens and light from below. The small 
channel shown at the edge of the hole in the base is one 
of four through which dry gas is bled to the cylindrical 
openings outside the glass observation panels. The 
position of the observation panels is indicated by the 
dashed lines, and the platforms just above the lower 
panel support the sample slides. The holes in the ends 
admit and conduct cold gas through the cell above and 


Figure 1. Cross Section through the Center of Microscope Cell 
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below the sample slides and to the small channels 
The gas bled through the channels serves to keep moist 
air away from the glass and also evaporates the moisture 
that collects on the glass when samples are changed. 

The auxiliary apparatus consists of a gas cylinder, 
carbon dioxide or nitrogen, with pressure-reducing 
valves, a glass venturi flowmeter or other measuring 
device, a copper tubing coil of about ten 3-inch diameter 
turns, an insulated dry-ice-acetone bath large enough 
to hold the coil and to prevent bubbling over of the 
acetone, pressure tubing, rubber or plastic, for connet- 
tions, and a potentiometer if temperatures must bt 
known accurately. 

In operation, gas flows from the tank through the 
venturi to the copper coil in the dry-ice-acetone bath 
When carbon dioxide is used as the coolant the temper 
ture of the bath must not be below —78.5°C. ‘The 
cold gas passes through tubing, which should be it 
sulated in order to prevent the condensation of mois 
ture, to the cell on the microscope platform. The gs 
escapes from the cell through the opposite end ani 
through the channels above the panels. If an insufi 
cient quantity of gas escapes through the channels t0 
the windows the outlet line of the cell may be pinched 
off slightly. The amount of gas and the temperature 
of the bath determine the temperature of the cell. 

The temperature of the material on the slide can bt 
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determined by correlating that temperature against the 
temperature in the cell. This is done by freezing water 
on the slide, or another pure liquid with freezing point 
in the temperature range desired, while measuring the 
temperature in the cell by means of small thermocouples 
inserted through needle holes in the sides of the base of 
the cell. 

The cell is constructed of balsa wood, an excellent 
insulator, and if '/;.-in. sheet balsa is used the patterns 
shown in Figure 2 may be followed. The holes indi- 
cated in the ends of the cell in Figure 1 should be cut 
after cementing the layers together. A sharp cork 
borer will suffice. Short lengths (1'/, inches) of glass 
tubing are cemented in the holes at the ends of the 
base for connections with the coil and the exhaust line. 

Either a recessed slide or a hanging drop slide may be 
used to contain the sample while a flat slide is used as a 
cover. The windows are flat slides and are cemented in 
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place as the layers are assembled. All slides are 1 X 3 
inches and should fit snugly in place. Large rubber 
bands hold the cover down tightly, and, if passed 
around the table of the microscope, hold the cell steady 
also. 

The cell shown is suitable for magnifications up to 
100 X. The dimensions of the cell can be altered to 
permit greater magnifications or other applications. 
The important feature is the supply of dry gas to the 
observation panels of the cell. The objective lens must 
in all cases nearly fill the top opening in order to insure a 
seal against moist air. The present design allows the 
sample to be moved over a distance of about !/s inch 
without breaking the seal. If a greater area must be 
observed, a movable section like the top layer, but 
shorter, may be added above the cover of the cell and 
the hole in the cover changed to a slot of the desired 
dimensions. 


IT’S YOUR DIVISION 


Summer is still two months away and the fall even 
farther, yet it is not too early to begin planning on 
attendance at the 120th Meeting of the A. C. S. which 
is to be held in New York to celebrate the 75th anni- 
versary of the founding of the Society. The prelim- 
inary program covering the meeting dates September 4 
through 7 is listed in Chemical and Engineering News for 
April 2 but a further amplification of the description of 
the program of the Division of Chemical Education 
might help in planning your attendance at the meetings. 

Seven symposia have been planned by the Division. 
No general papers will be given at the New York meet- 
ing. Each of the symposia will consist of invited papers 
only with the exception of the session on Lecture 
Demonstrations, chairmaned by H. N. Alyea of 
Princeton. He is soliciting ideas from which the best 
will be chosen for use at the meeting. Yours may be 
submitted by writing directly to him. 

The qther symposia cover the gamut of chemical 
education starting with the discussion of College-High- 
School Relationships in Chemistry under the direction 
of E. C. Weaver of Phillips Academy. What to Leave 
Out of General Chemistry (James M. Holbert, Uni- 
versity of Chattanooga), Subject Matter versus Student 
(L. L. Quill, Michigan State College), Contents of the 
Basic Courges in Chemistry (Philip J. Elving, Pennsyl- 
Vania State College), and Graduate Instruction (Henry 
Bent, University of Missouri) complete the coverage of 
the entire training curriculum. In addition the Divi- 


sion is cooperating with the Division of Physical and 


+ 


DIVISION OF CHEMICAL EDUCATION 
of the American Chemical Society 


Inorganic Chemistry in presenting a symposium on 
Bond Energies, Force Constants, and Bond Distances 
(George H. Glockler, State University of Iowa). 
These seven symposia will fill all the available hours 
Tuesday through Friday since none of them will run 
concurrently, and Wednesday afternoon is being re- 
served for the special anniversary celebration of the 
Society. 

An additional highlight of the program of the Divi- 
sion will be the luncheon to be held on Thursday, 
September 6. President Conant of Harvard, an ex- 
chemist who is not so “ex’d’’ that he has lost interest in 
chemistry, will be the luncheon speaker. One of his 
greatest recent interests has been experimentation at 
Harvard with a beginning chemistry course, and he will 
discuss some of his ideas and their results under the 
title, “The Place of History in Teaching Chemistry.” 

Divisional dues, $1 per year, should be sent to F. D. 
Martin, Purdue University, W. Lafayette, Indiana, in 
anticipation of the Fall meeting so that abstracts of the 
symposia may be received before leaving for the meet- 
ing. 

Your Divisional Officers are now soliciting sugges- 
tions for symposia for the 1952 meetings. Your sug- 
gestions for such symposia would be welcome for it is 
only by keeping in touch with the interests of the indi- 
viduals in the Division that adequate schedules can be 


arranged. 


J. A. CAMPBELL, Chairman 


gS. 

HEET 

hannels, 

moist 

noisture 

red. 

ry linder, 

educing 

-ASUTINg 

ugh the 

1e bath. 

emperir 

>. “The 

| be in 

of mole 

The gas 

nd and 

-insufl- 

nnels tof 

pinched 


* MEN OF THE PRIESTLEY CENTENNIAL 


Many of the early settlers of the Kansas territory 
were well educated, and the residents in the vicinity of 
Manhattan, Kansas, had established Bluemont Central 
College as early as 1858. The bill for the admission of 
Kansas as the thirty-fourth state of the Union was 
signed by President Buchanan on January 29, 1861. 
President Abraham Lincoln approved the Morrill 
Land Grant Act which provided for the offering of a 
grant from the public lands to each state in the Union 
for the endowment and support of at least one college 
on July 2, 1862. Among other provisions, the college 
thus maintained should teach such branches as are re- 
lated to agriculture and the mechanical arts. Kansas 
accepted the provisions of the Land Grant Act on 
February 3, 1863; and on February 11, of the same 
year, Manhattan, Kansas, was designated as the loca- 
tion, in response to an offer made by the Trustees of 
Bluemont Central College, to transfer the property be- 
longing to that College Association to the state of 
Kansas, for the establishment of the Kansas State 
Agricultural College. 

The college catalogues from 1863 to 1873 show that a 
number of different curricula were offered. The 
classical curriculum was the chief basis of instruction 
for several years, and the degree of Bachelor of Arts 
was awarded to most of the graduates up to and in- 
cluding 1876. 

One of the great difficulties of this period at the Kan- 
sas State Agricultural College was the almost nonexist- 
ence of men who were competent to give college in- 
struction in agriculture and in sciences related to that 
industry. There was controversy among the mem- 
bers of the State Board of Regents, the College faculty, 
and the townspeople of Manhattan and surrounding 
towns concerning the scope of the college and the sub- 
jects which could or should be taught within the pro- 
visions of the Morrill Act. In 1873 the Kansas legisla- 
ture passed a law reorganizing the Kansas Board of 
Regents of all state educational institutions. Soon 
’ after, the new Board of Regents elected the Rev. John 


1 Presented before the Division of the History of Chemistry 
at the 118th Meeting of the American Chemical Society in Chi- 
cago, September 6, 1950. This is the second of a series of papers 
[See, “The Priestley Centennial, turning point in the career of 
W. George Waring,” J. Cuem. Epuc., 25, 647 (1948).] revealing 
the early history of chemistry in the United States, by relating 
the lives and works of those who attended the first assembly 
of chemists in this country and prepared the ground for the 
organization of the American Chemical Society two years later. 


William K. Kedzie from Kansas! 


SISTER MARY GRACE WARING 
Marymount College, Salina, Kansas 


A. Anderson of Junction City, Kansas, to the presidency 
of the Kansas State Agricultural College to replace 
President Joseph Denison who had been forced to resign, 
The result was a radical change of policy, so that under 
the new administration the school of literature was dis- 
continued and a school of agricultural and mechanical 
arts was organized. 

William Knowlton Kedzie accepted an invitation 
to establish a department of chemistry and physics 
under the new régime. Previous to this time any 
work offered in these subjects had been handled by the 
professor of natural philosophy. Mr. Kedzie assumed 
his duties on September 1, 1873, at which time the 
whole amount of chemical apparatus and supplies was 
kept in a small box. 

During the first year Mr. Kedzie taught classes in 
inorganic chemistry, chemical physics, French, reading 
and orthography, and a weekly class in rhetoric. Only 
five months after he had started instruction at the 
college, W. B. Christopher of the Farmers’ Cooperative 
Association, after visiting the college made the follow- 
ing comment: 


This gentleman has been in the college but a short time, 
sufficiently long however to show that he is destined to stand in 
the front ranks of the profession.... I was particularly pleased 
with the confidence and self-reliance with which he moved. ... 
Let it suffice to say that theoretical and practical competency # 
stamped on laboratory and classroom.’ 


During the summer following Mr. Kedzie’s coming t0 
the Kansas State Agricultural College, an event, notable 
throughout the world, was celebrated at Northumber 
land, Pennsylvania, concerning which W. Georg 
Waring, reporter for the occasion, wrote: 


This usually quiet town (Northumberland, Pennsylvania) 
was early astir, the streets being thronged with representative 
to the convention of the centennial of chemistry, to celebrate 
the discovery of oxygen by Joseph Priestley, whose remains lit 
here. Before the hour of organization the school house, with 
large seating capacity, was well filled, there being little or 10 
standing room. . . . Among the most prominent chemists 
were:...R. C. Kedzie, of the State Agricultural College, Mich 
gan, (and his son) W. R. (K.) Kedzie of the State Agricultunl 
College of Kansas.* 


Perusal of the roster drawn up by the secretary of the 


2 CuristopHEeR, W. B., “Report of W. B. Christopher # 
Farmers’ Cooperative Association,” Topeka Commonwealth 
January 21, 1874. 

Warinc, W. “Chemistry’s Centennial,” New Yor 
Herald, p. 3, August 1, 1874. 
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Priestley Centennial shows that W. K. Kedzie was the 
oly delegate present who represented territory West 
of the Mississippi river. The Manhatian Nationalist 
of August 7, 1874, stated that Professor Kedzie seemed 
to have taken an active part in the Chemists’ Centen- 
nial proceedings over the grave of Joseph Priestley. 
At the seventh annual meeting of the Kansas Academy 
of Science at Topeka on October 5, 1874, Professor W. 
K. Kedzie read a paper “On the Priestley Centennial.’’* 
later, he delivered a lecture before the students of the 
Kansas State Agricultural College on the life, char- 
acter, discoveries, and persecutions of Joseph Priestley. 

No doubt this meeting at Northumberland, Penn- 
sylvania, had a profound influence upon William K. 
Kedzie’s future activities. At the Centennial, all 
chemists were encouraged to strengthen the chemistry 
section of the American Association for the Advance- 
ment of Science. In this, Professor Kedzie did his full 
part, for he not only attended subsequent annual meet- 
ings of that organization but took a vital part in them, 
sometimes presenting as many as three papers on one 
program, and by holding offices, such as curator, and 
commissioner of mineralogy and chemistry. He joined 
the American Association for the Advancement of 
Science in 1876. 

The Priestley Centennial, which marked the first 
assembly of the chemists of the United States, was a 
prelude to the founding of the American Chemical So- 
ciety, the actual organization of which took place on 
April 6, 1876, with William Kedzie elected as a charter 
member. 

Refreshed scientifically by recent contact with men 
of kindred interest, Professor Kedzie started the term 
beginning September, 1874, with new zest. His at- 
tention was now turned entirely to science and to 
scientific applications. The Manhattan Nationalist 
of November 20, 1874, carried an item in which Pro- 
fessor Kedzie wanted it distinctly understood that he 
was teaching the sciences pertaining to his department 
and denied that he was teaching French that term. 
Some of the courses offered were: inorganic chemistry, 
organic and analytical chemistry, agricultural chemis- 
try, chemical physics, mineralogy, meteorology, ge- 
ology, household chemistry, and special hygiene, while 
assaying, pharmaceutical chemistry, and photography 
were taught to more advanced students. The labora- 
tory was crowded to capacity, a larger number seeking 
instruction than could be conveniently accommodated. 

The New York Weekly Journal of Commerce of 
August 6, 1874, published an article concerning the 
Priestley Centennial, in which the editor decried the 
fact that American chemists were making no original 
discoveries, that they were doing little more than 
borrowing from the other side of the Atlantic. Pro- 
fessor Kedzie felt that it was necessary for him to tap 
orginal sources, so he secured permission from the 
Board of Regents for six months’ leave of absence for 


2 Transactions of the Kansas Academy of Science, ‘Proceedings 
of the Society,” Reprint Vols. 1, 2, 3, p. 93 (1896), Miller Bros., 
Topeka, Kansas. 
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William K. Kedzie 


the sole purpose of visiting European laboratories, and 
of obtaining information on European techniques of 
farming. The trip was made at his own expense, but 
the State Board of Agriculture appointed him to act as 
its commissioner in the investigation of experiment 
stations and agricultural societies. Official letters of 
introduction from Thomas A. Osborn, then Governor 
of Kansas; General Eaton, the U. 8. Superintendent of 
Public Instruction; Hamilton Fish, U. 8. Secretary of 
State; and others, gained for him a most cordial and 
courteous attention, so that every facility in European 
institutions was placed at his disposal. He visited and 
carefully studied the laboratories of prominent uni- 
verisities in Europe: Bonn, Berlin, Leipzig, Gét- 
tingen, Halle, Heidelberg, Wiesbaden, Vienna, Geneva, 
Collége de France, University of Paris, and Owen’s 
College at Manchester in England. His tour lasted 
from April 12 to August 25, 1875, when he arrived in 
Manhattan, full of knowledge, energy, and ambition. 
When William Kedzie came to the college in 1873 he 
was given a lecture room and a laboratory on the north 
side of the old Bluemont building. The water supply 
for his department was in a barrel, while other facilities 
were comparable. In 1875 the department of chemis- 
try and physics used the east half of the second floor of 
the building first known as the barn and later as Farm 


? 
— 
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Machinery Hall. On the basis of studies in the Euro- 
pean laboratories, Professor Kedzie drew up a plan for a 
chemical laboratory, for which the state made an ap- 
propriation of $8000. In addition to a heavy teaching 
load he supervised the construction of the new building, 
which was completed in October of 1876. The one- 
story building was of fine gray limestone and was con- 
sidered at that time as second to none in the whole 
West. The interior of the building was destroyed by 
fire in 1900, but the walls still stand, and today it has 
very much the same exterior appearance. It is now 
designated as Mathematics Hall.5 

All of this time the extracurricular accomplishments 
of Professor Kedzie were amazing. He made daily 
meteorological reports, published numerous scientific 
papers and articles on an astounding variety of topics, 
such as: “Salt in Kansas,” “Ozone in the Kansas 
atmosphere,” ‘Tempered glass,’’ “Nebraska hot bluff,”’ 
“Farm culture in Europe,” “Concerning sorghum,” 
“A cheap hygrometer for Kansas,” ‘Concerning hail,’’ 
“Again to the front (practical scientific education),” 
“The danger and the remedy (The potato-bug),”’ 
“The valley of the Solomon,” “Influence of height upon 
rainfall,” ‘(Concerning a popular humbug (powders on 
sale for preventing gasoline explosions),”’ ‘““Thermom- 
eters,” “Iola mineral well,” “Great Spirit Spring of 
Mitchell County (Waconda Springs),” ‘Bell Tele- 


5 The author did laboratory work in Qualitative Analysis in 
this building in the summer of 1922. At that time it was known 
as the Chemistry Annex, No. 1. She received the degree of 
Master of Science, with major in chemistry and minor in physics, 
from the Kansas State Agricultural College in 1926. 


Courtesy of J. T. Willa 


rd, Historian at Kansas State College 
Chemistry Building in 1876, as Planned and Erected by William K. Kedzie 
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phone,” “Climate makes the crop,” “Common agi 
liquefied,” “Silver in southern Kansas,” “Chemical pp. 
view of the grasshopper question,” ‘Clawson wheat,” 
“The sugar group,” “Corn smut,” “Photography ag g 
woman’s art,” “Elementary science for the common 
schools,” “Gunpowder as a civilizer,” “Tin and tip 
salts.” 

William Knowlton Kedzie was well known also ag a 
popular lecturer on cultural as well as scientific sub- 
jects. In any kind of weather his audience filled the 
hall well in advance and remained spellbound to the 
end. He talked on student life in Europe, Switzerland 
and the Swiss, Stratford-on-Avon, and many other 
topics before state organizations, clubs, and societies 
in Manhattan and throughout the state. His talks 
were illustrated, spiced with humor, poetry, and elo- 
quence. A paper on elementary science in the common 
schools, given at the State Teachers Meeting in Em- 
poria in 1877 could easily pass as a part of a similar 
program in 1951. 

In 1875 five barrels of salt a day were being manu- 
factured at Alma, Kansas, by evaporation of brine 
pumped from a salt well. Professor Kedzie predicted 
that the day was not far distant when Kansas would 
produce her own salt instead of sending a thousand 
miles away for it. In 1941 Kansas produced 781,014 
tons of salt valued at $3,254,828. It is estimated that 
5000 billion tons of salt lie beneath the surface of Kan- 
sas. 

Professor Kedzie was the first to hold the position of 
chemist as a member of the State Board of Agriculture, 
in which capacity he ran many analyses of soils and 
other materials. He was 
chemist for the state in two 
murder cases. Evidence 
produced from his analyses 
freed one prisoner and con- 
victed the other to life im- 
prisonment in the federal 
prison at Leavenworth. He 
made a collection of min- 
erals for the college, helped 
prepare the Kansas state 
exhibit for the Philadelphia 
exposition, wrote and pub- 
lished a geology text for the 
elementary schools, and pre- 
pared a students’ handbook 
of elementary chemistry. 
Having no suitable texts for 
courses in inorganic chem- 
istry, physics, and chemical 
analysis, he issued daily 
full abstracts of his lectures 
to each student, and used 
his own “Manual of Quanti- 
tative Analysis.” 

Professor Kedzie owned 
the first telephone which 
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eame to Kansas and spent one of his vacations touring 
the state to demonstrate its use. Together with some 
of his friends, telephone parties became a unique form 
of entertainment. The Industrialist of December 15, 
1877, describes one of the events in detail. 

Professor Kedzie placed six different homes on the 
telephone lines, where at eight o’clock, parties varying 
from four to fifteen each, of ladies and gentlemen, 
were gathered. Some of these homes in Manhattan 
were over two and a half miles apart. Music was 
furnished by the different divisions of the party; at 
one place was an organ, at another a piano, then a cor- 
net, a harmonica, and at still another a violin. An 
unusual experiment was the singing of a duet by persons 
two miles apart, followed by a more remarkable 
quartette, the members being at four different telephone 
locations. The notes came with a clearness and soft- 
ness that suggested the supernatural, and the least 
variation was more quickly noticed than in the room 
with the singers. While the timing was not absolutely 
perfect, it was much better than that kept by many 
choirs. 

In the summer of 1878 Mr. Kedzie resigned his chair 
at the Kansas State Agricultural College and accepted 
an appointment as professor of chemistry and min- 
eralogy in Oberlin College, Oberlin, Ohio, where he 
introduced laboratory instruction in chemistry. Mr. 
Kedzie was well-liked at Oberlin and his name fre- 
quently appeared in the student publication there, but 
his tenure of professorship was brief. He became ill in 
January of 1880 and died on April 14 of that year at 
East Lansing, Michigan. 


PERSONALITY AND FAMILY LIFE 


William Knowlton Kedzie, the son of Robert Clark 
Kedzie and Harriet Eliza Fairchild, was born at Kala- 
mazoo, Michigan, July 5, 1851. He was graduated 
from the Michigan State Agricultural College in 1870 
at the age of 19. The next two years were spent in 
study at the Sheffield Scientific Schoo! at Yale, after 
which he assisted his father in the college at Lansing, 
Michigan. In July, 1876, Mr. Kedzie married Ella 
Gale, an attractive young lady attending the Kansas 
State Agricultural College, and they went to the Phil- 
adelphia Centennial on their wedding trip. They 
were blessed with two children—William Roscoe, who 
died in 1940, and Ella Pearl, now living in East Lansing, 
Michigan. Mrs. Ella Pearl Plant wrote recently that 
her father loved music, literature, and art, and that he 
_ the reputation of being very meticulous in all his 

its. 

Three students who attended Professor Kedzie’s 
classes over seventy years ago are still living, all of 
whom paid high tribute to his teaching: Mrs. Nellie 
Sawyer Kedzie Jones, who married a brother of W. K. 
Kedzie, stated that in his teaching, Professor Kedzie 
selected the topics as he pleased, including several 
lectures on the chemistry of foods. Because he was 
the first to introduce household chemistry at the Kan- 
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sas State Agricultural College, she believes that Pro- 
fessor Kedzie was the first instructor at the college in 
what is now called home economics. Mr. W. H. Sikes 
wrote that students were inclined to neglect other 
studies in order to prepare chemistry lessons, as Kedzie 
was strict and would brook no lazy or makeshift stu- 
dent. Mrs. Ella Child Carroll related that the girls 
wore calico aprons to Kedzie’s laboratory; that he had 
long side whiskers which he would twirl rapidly when 
either amused or provoked, which habit was the cause of 
much merriment to the students. He was so well 
liked by the students that his classes were crowded and 
this was the cause of jealousy on the part of fellow in- 
structors. 

One biographer has described William Knowlton 
Kedzie as a gentleman and scholar, with the ability to 
impart his energetic manner to his pupils. He was tall, 
well formed, had brown hair, dark eyes, and a goodly 
face. He was a man of integrity and publicly pro- 
fessed the Christian religion. It was observed in his 
obituary that most men had only begun life in earnest 
at the age of 28, but Professor W. K. Kedzie at that 
age had already accomplished more than the average 
person in a whole life’s span. 
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TO WINDOW 


METHANOL 
BOILER 


SILICA TUBE IN 


ELECTRIC FURNACE 


Ir 1s perhaps not generally known that methanol vapor 
decomposes very readily at about 1000°C., without the 
use of a catalyst, into carbon monoxide and hydrogen. 
The process is simple enough to be done by students 
with only ordinary supervision, and requires no special 
equipment. The operation has been part of our labo- 
ratory work in industrial chemistry for several years, 
and serves a double purpose—to illustrate the indus- 
trially important “cracking’’ operation, and to make 
water gas for practice analyses with a gas analyzer. 

We use a carbon combustion furnace, complete with 
its fused-silica tube. We put in this tube, at the 
hottest part, about three inches of some refractory 
material, in granular form, held in place by two pieces 
of nichrome screen wedged in. 

The methanol boiler is a conical flask, with both inlet 
and outlet tubes, heated by an electric hot plate. The 
outlet tube of the boiler is connected to the inlet end of 
the silica tube. At the outlet of the silica tube, there is 
a safety bottle, followed by a water-scrubbing bottle 
to remove any undecomposed methanol. Then comes 
a two-way stopcock, one arm of which is connected to a 
miniature gas holder of about one gallon capacity. 
The other arm is vented outdoors through a long tube 
going out of a window. 

Formation of explosive mixtures is avoided by flush- 
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Apparatus for Making Water Gas by Cracking Methanol 
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ing out the air with carbon dioxide or nitrogen from a 
cylinder, when starting up, and flushing out the water 
gas with the same inert gas in shutting down. ‘This is 
the reason for the inlet tube on the methanol boiler. 

After the silica tube is up to temperature, the air is 
flushed out, and the methanol started boiling. The 
first product gas, being contaminated with inert gas, is 
allowed to escape outdoors. When it is believed thats 
the inert gas has all been swept out, a holderful # 
collected. The gas is then vented again, and the inert 
gas turned on again as the heat is turned off under the 
boiler. Soon after the methanol stops boiling, the 
flushing is stopped and the apparatus can be dis 
mantled. 

There is perhaps a remote risk of carbon monoxide 
poisoning. Our students are warned of the symptoms 
and treatment; but after using the process for three 
years, no trouble has been encountered. 

The product runs very close to the calculated com- 
position—two-thirds hydrogen, one-third carbon mon- 
oxide, with a few tenths of a per cent of methane. 

The only item of equipment that would not ordinarily 
be found in a reasonably well-equipped laboratory is the 
miniature gas holder. The author does not know 1 
whether these are obtainable; ours was built in ou'B Co, 
sheet-metal shop to the author’s design. 
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REACTIONS 


Tue value of the concept of oxidation number, some- 
times called valence number, lies in its practical utility. 
In particular, a knowledge of oxidation state provides 
the means for finding out which elements are oxidized 
and which elements are reduced in redox reactions. 
Furthermore, it provides a means for balancing redox 
equations. 

Most present-day textbooks carefully note that there 
is often no apparent relationship between oxidation 
number and the nature of the bonds by which atoms are 
united. Consider, for example, the following quotation 
from Jones’ “Inorganic Chemistry” : 


The structures assumed for the various acids of phosphorus are: 


H H H 
4 “xX 
H :0: 
H*05P80: H*0°P80: H*06P 8 P°OxH 
eo XO oe XOve 00 
H 
Hypophosphorous Orthophosphorous Hypophosphoric 
acid acid acid 
H 
:O8PSO: H*O0,P80: 
3: 
-x x: 
H H 
Metaphosphoric Pyrophosphoric Orthophosphoric 
acid aci acid 
H H H 
x 
0: 
00 Oe eco ee Oe ce ce Oe 
P90: :08P20 
> x. Xe 
H H H 
Permonophosphoric Perdiphosphoric 
acid acid 


It will be noted that in each of these formulas the phosphorus 
atom is sharing all five of its outermost electrons, and that in each 
case, save in that of metaphosphoric acid, the phosphorus atom is 
surrounded by four other groups. The real valence of phosphorus 
is, therefore, in each instance five, while its coordination number 
isin each case four, save in the case of metaphosphoric acid in 
which it is three. The various oxidation numbers which may be 
calculated for phosphorus in these compounds are: 


Hypophosphorous acid (H;PO2) + 1 
Orthophosphorous acid (H;PO;) + 3 
Hypophosphoric acid (H,4P:0s) + 4 
Metaphosphoric acid (HPO;) + 5 
Pyrophosphoric acid (H,P207) + 5 
Orthophosphoric acid (HsPO,) + 5 
Permonophosphoric acid (HsPO;) + 7 
Perdiphosphoric acid (H,P20s) + 6 


' Jones, W. Norton, “Inorganic Chemistry,’ The Blakiston 
Company, Philadelphia, 1947, pp. 374-5. 


OXIDATION NUMBER IN AUTO-REDOX 


LAWRENCE P. EBLIN 
Ohio University, Athens, Ohio 


From the above structures, it is apparent that these numbers are 
imaginary, since they represent no real valence. Even so, how- 
ever, they are useful in classifying the compounds of phosphorus 
and their reactions, and they are especially useful in balancing 
oxidation-reduction equations for such reactions in which they 
participate. 


Sisler, Vanderwerf, and Davidson? point out that by 
the application of the conventional rules, we arrive at a 
different oxidation number for carbon in each of the 
following compounds: 


—2 0 +2 +4 
CH, CH;Cl CH,Cl; CHC), CCl, 
Thus, while the valence of carbon remains constant at 4, its 


oxidation state varies all the way from —4 in methane to +4 in 
carbon tetrachloride. 


Some of the anomalies of oxidation numbers are 
thoroughly consistent with the fundamental rule that 
the oxidation number of any element in the free state is 
zero. For example, in ethane C2Hg, the oxidation num- 
ber of carbon is calculated to be —3. Considering the 
electronic formula for ethane, 


HH 
X-X- 
HxC: C*H 
HH 


it is apparent that the oxidation number of carbon is 
numerically equal to the sum of the covalent bonds ex- 
clusive of homatomic bonds. The result is that in the 
alkane series, C,Hoe,+2, the oxidation number of carbon 
varies from —4 in methane to —3 in ethane, —2?/; in 
propane, —2'/2 in butane, and so on, approaching —2 as 
a limit. 

Such ‘strange’ oxidation numbers as —2?/; are 
easily explained as averages. Thus, in propane, C;Hs, 
each of the two terminal carbon atoms is bonded to 
three hydrogen atoms, and the oxidation number of each 
of these carbon atoms may be said to be —3 in the same 
sense that the oxidation number of each carbon atom in 
ethane is —3. Since the middle carbon atom of the 
propane molecule is. bonded to only two hydrogen 
atoms, the oxidation number of this atom may like- 
wise be regarded as —2. Since the sum of the three 
oxidation numbers is —8, the average is —*/;, or —2?/s. 
In this way we “explain’’ quite satisfactorily the oxida- 
tion number —2?/; as an average. 

Since in all alkanes the oxidation number of carbon is 
algebraically less than —2, the combustion of any 
alkane to give carbon dioxide, wherein the oxidation 


2 Sister, H. H., C. A. VANDERWERF, AND A. W. Davipson, 
“General Chemistry, A Systematic Approach,” The Macmillan 
Company, New York, 1949, p. 219. 
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number of carbon is +4, involves an algebraic increase 
in the oxidation number of carbon. Since oxidation is 
defined as an algebraic increase in oxidation number, it 
is gratifying to be able to say that the combustion of 
any alkane involves the oxidation of carbon. 

Even if, as Jones contends, some oxidation numbers 
are “imaginary,” the foregoing discussion shows that it 
is possible to explain many such oxidation numbers as 
averages. Even the oxidation number zero for the 
single carbon atom in CH,Cl, can be interpreted as an 
average of +2 and —2. 

Once it is agreed that the value of the oxidation 
number concept lies in its utility, then the measure of 
its value lies in its utilitarian reliability. In particular, 
the oxidation number concept is well justified if it 
facilitates the comprehension of redox reactions, or 
even if it merely facilitates the balancing of redox equa- 
tions. In the reaction: 


2Na,8.0; + I: NasS,Og + 2Nal 


the iodine is clearly reduced, and from this fact alone it 
would be inferred that the sulfur is oxidized. By the 
rules for determining oxidation number, the sulfur is 
oxidized, since the oxidation number of sulfur is in- 
creasing from +2 in the thiosulfate to +2'/2 in the 
tetrathionate. Furthermore, the assumption that the 
oxidation number of each sulfur atom increases '/2 
unit makes it possible to balance the equation correctly 
by the oxidation number change method. Surely, the 
importance of the oxidation number concept lies in the 
fact that it “works’’ so well, even in situations where 
the oxidation numbers themselves do not seem to ‘‘make 
sense.”’ 

What “‘sense’’ is there in the statement that the oxi- 
dation number of sulfur in Na2S,O0; is +2? The only 
possible meaning in it is that +2 is an average of the 
“real’’ oxidation numbers of the two sulfur atoms. In 
the words of Sisler and co-authors :* 


From the electronic formula and by analogy with the sulfate 
ion, this [the valence +2 for sulfur] may be interpreted as an 
average between +6 for the central sulfur atom and —2 for the 
coordinated sulfur atom. 


reaction, not only the iodine but part of the sulfur 
undergoes reduction: 


2 atoms reduced 3'/2 units each 


2 atoms reduced 


| 1 unit each | | 


+6 -2 -1 +21/2 
2Na,S0,8 + I, —>2Nal + NaS,O¢ 


2 atoms oxidized 4!/, units each 


Similarly, in the combination of sulfur with sulfites, 
it is really the sulfite sulfur that is oxidized. For this 
atom becomes, in the thiosulfate, the central atom pre- 


3 Loc. cit., p. 481. 


But if this is agreed to, then in the iodine-thiosulfate 
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viously referred to as having the oxidation number +4, 
In other words, the sulfite sulfur has been oxidized from 
+4 to +6: 


1 atom oxidized 2 units 


| 


+4 0 46 
NaSO; + S Na,SO,S 


1 atom reduced 2 units 


On the other hand, if one ignores the question of stry. 
ture and simply gives sulfur the apparent oxidation 
number +2 in thiosulfates, the sulfite sulfur in this r. 
action will be said to undergo reduction from +4 to 
+2: 


1 atom reduced 2 units 


Te 


oxidized 2 units 


The elementary sulfur will be oxidized if its valence 


number changes from 0 to +2, but it will be reduced if 
its valence number changes from 0 to —2. 

A similar problem is posed in connection with the de 
composition .f the hypothetical thiosulfuric acid: + 


H.S,0; + so, + 


Is the liberated sulfur the product of oxidation or of re 
duction? The answer depends on the oxidation state 
from which it is assumed to have come. If it has come 
from the oxidation state +2, it has been reduced; if 
it has come from the oxidation state —2, it has been 
oxidized. 

Earlier in this discussion, it has been made quite 
apparent that it is the average oxidation number that is 


customarily referred to by the term oxidation number.§ 
There are certain instances, however, in which this i 


never done. For example, the formula for ammoniw 


nitrate is usually written NH,NOs;, and this clearly es 


implies the oxidation state —3 for one of the nitrogen 
atoms and +5 for the other. If it is good chemical 
etiquette to represent sodium thiosulfate as NagS:0:, 


perhaps it could be permitted to write the formula for§ 


ammonium nitrate N2H,O;. If we do so, the oxidation 
number of nitrogen appears to be +1. It cannot be 
said that this is really “wrong,’’ for +1 is simply the 
average of —3 and +5. 

If one is permitted to write the equation for the de- 
composition of ammonium nitrate in the following 
manner: 


+1 +1 


the interesting implication results that the reaction # 
not a redox reaction! Similarly, the decomposition 
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ammonium nitrite may be made to appear not a redox 
reaction : 


0 


A slightly more complicated example is the reaction 
between mercuric chloride and sodium thiosulfate when 
the two compounds are present in solution in the ratio 


HgCl, + + H,O 2NaC] + HgS + HS80, 


As formulated above, this appears to be a redox reac- 
tion, involving the oxidation of one sulfur atom, and the 
reduction of the other one by an equal amount. If, 
however, the “‘real’’ oxidation numbers of the individual 
sulfur atoms are considered, the reaction appears to in- 
volve no change in oxidation number, whatsoever. Is 
this a redox reaction or is it not a redox reaction? Ap- 
parently, if this one is considered to be a redox reac- 
tion, then the decomposition of ammonium nitrate 
must be judged not to be a redox reaction. It would 
hardly be consistent to think in terms of average oxida- 
tion number in the one example and not do so in the 
other. 

Other examples could be cited that present the same 


‘tion is 
tion of 


dilemma as is posed in the foregoing cases. All of them 
are reactions of the type which may conveniently be 
called auto-redoxion. There is some confusion ap- 
parent in textbooks over the use of the two terms, 


@»-auto-redoxion and internal redoxion. For the sake of 


clarity, the writer suggests the adoption of the follow- 
ing usage: Auto-redoxion should be used to designate 
any redox reaction wherein one atom of an element oxi- 
dizes another atom of the same element. Internal re- 
dorion should be used to describe a redox reaction 
wherein the atom that is oxidized and the atom that is 
reduced are within the same compound; if the two 
atoms in question are atoms of the same element, we 
have a case of internal auto-redoxion. 
Examples of auto-redoxion: 


Na,SO; + S — Na,S.0; 
2H.S + SO, 3S + 2H.0 


Examples of internal redoxion: 


2HgO — 2Hg + O, 
2KCIO; — 2KCI + 30: 


Examples of internal ergy 


H,NO; N:O + 
3Cl, + — 5KCl + + 3H.0 


As stated above, the apparent dilemma over which 
atom is oxidized and which atom is reduced arises only 


223 


in cases involving auto-redoxion. Such cases always 
involve, either as a reactant or as a product, a com- 
pound wherein one atom of an element has a positive 
oxidation number and the other atom a negative oxida- 
tion number. The writer is convinced, on the basis of 
the foregoing considerations, that it is advisable to dis- 
pense with the concept of average oxidation number in 
such instances. For it borders on absurdity to con- 
tend, for example, that the liberation of elementary 
nitrogen by the decomposition of ammonium nitrite is 
not a case of redoxion. Having made our decision, then 
for the sake of consistency we must avoid such prac- 
tices as designating the oxidation number of sulfur in 
thiosulfates to be +2. 

Applying this recommendation to peroxy acids, the 
writer finally must register his objection to the oxida- 
tion number which Jones assigns to phosphorus in the 
acids having the formulas H;PO; and H,P:Os. Since 
these compounds contain the peroxide linkage, it is 
meaningless to deduce an oxidation number for phos- 
phorus on the assumption that the peroxide linkage is 
absent. Since hydrogen peroxide has the formula 
H,O:2, the oxidation number of oxygen therein is —1, 
1. €., the peroxy radical has the oxidation number —2. 
Writing the formula for HsPO; in a pseudo-structural 
manner, H;PO;02, we can readily infer an oxidation 
number of +5 for phosphorus: 

+3 +5 —6 —2 

H; P O; 
Similarly, the oxidation number of phosphorus in 
H,P2Os is +5: 

ii, 0: 

By the same reasoning, the writer concludes that the 
oxidation number of sulfur in H,SO; and H.8.0s is +6, 
rather than +8 and +7, respectively. This puts him 
in agreement with Sisler, Vanderwerf, and Davidson, 
who write 


It should be noted that the oxidation state of sulfur in the 
peroxysulfates, just as in sulfates and pyrosulfates, is +6. The 
oxidizing action of peroxysulfates involves no change in the oxida- 
tion state of sulfur, but rather a change of the “peroxy’’ oxygen 
atoms from —1 to —2. 


It wil’ be noted that Sisler and co-authors use the 
prefix peroxy- in preference to per- in referring to acids 
and salts containing the peroxy group. This should be 
made standard practice to avoid confusion with per- 
chlorates, permanganates, etc., which are compounds 
that do not contain the peroxy group. 


‘ Loc. cit., p. 481. 
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Tue Pacific Southwest Association of Chemistry 
Teachers elected the following officers for the year 1951: 
L. Reed Brantley, President; Blanche Bobbitt, Secre- 
tary; Richard Wistar, Treasurer. These succeed the 
first officers of this Association, Arthur Furst, Valerie 
Phillips, and Claude Merzbacher, who held the offices of 
President, Secretary, and Treasurer during 1950. The 
Vice-Presidents of the Association are the Chairmen of 
the local divisions, whose elections have been previously 
announced, J. Robert Harper for the Southern Cali- 
fornia Section and H. Murray Clark for the Northern 
California Section. 


L. Reed Brantley 


L. Reed Brantley, new President of the Pacific 
Southwest Association of Chemistry Teachers, is the 
Chairman of the Chemistry Department at Occidental 
College, Los Angeles. Dr. Brantley has been at Occi- 
dental since he obtained his Ph.D. in 1930 from the 


PACIFIC SOUTHWEST ASSOCIATION 
OF CHEMISTRY TEACHERS 


OFFICERS FOR 1951 


California Institute of Technology, where he did hig 
graduate work under A. A. Noyes and A. O. Beckman, 
Since then his research interests have ranged from high 
temperature equilibrium to fluorine chemistry and the 
adhesion of organic coatings to nonferrous metal 
surfaces. 

In addition to his teaching and administrational 
duties, Dr. Brantley is also an active member of many 
professional organizations, such as the American Asso 
ciation for the Advancement of Science, Sigma Xi, and 
the Electrochemical Society. He is a Pacific Distrigt 
Councilor of Alpha Chi Sigma and past president of its 
Los Angeles Chapter. He served as the Chairman of 
the Southern California Section of the American 
Chemical Society in 1947-48, and is still a Councillor 
for this Section. Recently he was appointed to the 
A. C. S. Standing Committee on Chemical Education 
by President N. H. Furman. 

From the beginning, Dr. Brantley has been closely 
connected with the Pacific Southwest Association of 
Chemistry Teachers. At the San Francisco A. C. §. 
Meeting in March, 1949, he took a prominent part in 
organizing the group called by Dr. Otto Smith for the 
purpose of initiating a chemistry teachers’ association 
on the west coast. At that meeting he was made tem- 
porary chairman of the southwest group and given the 
responsibility of drawing up the constitution and bylaws 
for the new organization. For the accomplishment of 
this task, he formed committees among southern Cali- 
fornia teachers, and in November of 1949, presented the 
results of his work at the First Annual Meeting of the 
Association in San Francisco. During the following 
year, Dr. Brantley was Chairman of the Southern Cali- 
fornia Section and Vice-President of the Association. 

Even while away on his sabbatical leave last semester, 
Dr. Brantley still found time to advance the interests 
of the PSACT. At Washington he stopped at the 
A. C. §. Office to give Secretary A. H. Emery an ac- 
count of the growth of the Association. At Oberlin Col- 
lege he interviewed Dr. J. Arthur Campbell, Chairman 
of the Division of Chemical Education, about the rela- 
tionship between the PSACT and that division. He 
visited Dr. Otto Smith at Oklahoma Agricultural and 
Mechanical College to discuss the progress of the Asso- 
ciation with the man whose vision saw the need for 
such an organization. 

Blanche G. Bobbitt, new Secretary of the PSACT, is 
the Supervisor of Science in the Senior High Education 
Division of the Los Angeles City School District. Dr 
Bobbitt obtained a Ph.D. in biochemistry in 1941 from 
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Blanche Bobbitt 


the University of Southern California, where she worked 
on vitamins and liver glycogen changes. She taught 
chemistry and physics in Los Angeles high schools from 
1927, with intermissions for graduate work, until her 
supervisory assignment in 1945. 

In addition to being an active member of the Ameri- 
can Chemical Society, the National Science Teachers 
Association, the Association of Physics Teachers, and 
the California State Council of Mathematics, Dr. Bob- 
bitt belongs to Iota Sigma Phi, Phi Beta Kappa, Phi 
Kappa Phi, Sigma Xi, Phi Sigma, and Delta Kappa 
Gamma, all honorary societies representing high 
achievement in some field of intellectual endeavor. 
She has many publications in the fields of biochemistry 
and education; she is an abstractor for the Biological 
Abstracts, and the author of some timely booklets, 
“The 8 in UNESCO” and “Atomic Energy and You.” 

Dr. Bobbitt has also participated from the beginning 


in the activities of the Pacific Southwest Association of 
Chemistry Teachers. Before her election as the Asso- 
ciation Secretary, she had been the Secretary of the 
Southern California Section since its foundation. 

Richard Wistar, Treasurer of the PSACT for 1951, 
is Professor of Chemistry at Mills College in Oakland, 
California. He came to Mills College in 1939 immedi- 
ately after obtaining his Ph.D. from Harvard Univer- 
sity in the field of physical organic chemistry. His re- 
search interests are in reaction kinetics and the mech- 
anism of organic reactions. 

In 1949 Dr. Wistar was the Chairman of the Cali- 
fornia Section of the American Chemical Society, and 
shouldered the responsibility of the host section for the 
National Meeting in San Francisco that year. 


Richard Wistar 


Currently Dr. Wistar is organizing a review service of 
the audio-visual aids for chemistry teachers. It is to 
consist of reviews of films to be published in the Jour- 
NAL OF CHEMICAL EpucaTion, which will aid the 
teacher in selecting and ordering useful films without 
waste of valuable time. It is of interest that this project 
grew out of a paper he gave at the First Annual Meet- 
ing of the PSACT on the need of critical evaluations 
of the individual chemical films. 


GENERAL CHEMISTRY WORKSHOP 


The Committee on College Teaching of the Division 
of Chemical Education of the American Chemical 
Society has announced the dates for the Second An- 
nual Conference or Workshop on the Teaching of 
General College Chemistry. The sessions will be held 
on the campus of Oklahoma Agricultural and Me- 
chanical College, Stillwater, Oklahoma, June 13-22. 


More than 50 professors of General Chemistry 
from all parts of the United States were in attendance 
last year and more than a hundred are expected this 
year. Announcements are being mailed to heads of 
departments of chemistry, and the list of speakers 
who will speak to general group meetings will be an- 
nounced soon. 


AUTORADIOGRAPHY AS A SCIENCE PROJECT 


Tue discovery of radioactivity by Henri Becquerel 
(1896) has been described variously as being either the 
result of a fortuitous circumstance or as one of definite 
planning. Jean Becquerel, in a letter (1), states that 
his father quite intentionally subjected a photographic 
plate to uranium salts, having assumed that the fluo- 
rescence phenomena might be accompanied by a radia- 
tion similar to X-rays. Instead, he discovered radio- 
activity. Like other discoveries, the phenomenon 
might have been identified several years earlier had 
more fundamental knowledge been available. Moser, 
in 1842, observed the pseudo-photographic effect of 
some solid materials and Niepce de Saint Victor (1867) 
obtained the real radiographic effect with uranium 
salts as did Becquerel but attributed it to luminescence 
(2). In these and other experiments the only observa- 
tions were that the photographic plates were darkened 
or fogged, and it was not until 1911 that Reinganum 
(3) found that alpha-particle emanations made dis- 
tinct tracks in emulsions. Since then, especially within 
the last few years, a vast amount of research has been 
devoted to this branch of science, with the result that 
much has been added to our present-day knowledge of 
nucleonics by photographic track techniques. 

However, although the contributions by workers in 
autoradiography have been extensive and profound, it 
is notable that the mechanics of the technique differ 
little from Becquerel’s experiment. True, improve- 
ments in materials and instrumentation have ac- 
companied the advancement in nuclear science. How- 
ever, autoradiographs of really interesting types can be 
obtained and examined with no more than what Morri- 
son (4) describes as the tools of the celebrated Bristol 
group (8, 10): “ . . .a photographic plate, a microscope, 
and plenty of insight, patience, and skill, always the 
best of apparatus.” Therefore, the exploration of some 
of the methods of autoradiography as a science project 
not only is feasible but it should be valuable since, if it 
does nothing more, it will make the emanation process 
more tangible. 


WILLIAM S. HUBER 
Rhode Island School of Design, Providence, 
Rhode Island 


As an outline of what can be undertaken, the first 
experiment might be similar to that done by Becquerd, 
Any reasonably active mineral, such as a specimen of 
pitchblende or carnotite, may be placed on a bar 
camera film. An orthochromatic sheet film or a glass 
lantern slide plate is recommended in preference to 
the more sensitive panchromatic emulsions since the 
latter must be handled in absolute darkness. (Even 
with considerable experience, the author occasionally 
finds that the gremlins have a way of moving things 
around in the dark!) When the film is developed a few 
days later, a blackened area will be visible and, if e- 
amined under a microscope, one will see an astronomical 
number of dark grains of silver. In all frankness, it is 
doubted if this sight will stir up any long-lasting en- 
thusiasm in the student but the experiment will serve to 
orient him as well as being one “for the record.” 

A second experiment might be made by procuring a 
piece of polished, dendritic uraninite from a supply 
house and similarly exposing it. However, here it is 
recommended that the film should be an emulsion of the 
high-contrast type, such as Eastman Commercial Sheet, 
in order to record the dendrites clearly. Development 
should be done in Eastman D-8, D-11, or D-19 in 
order to enhance contrast. If the negative comes out 
well, a glossy contact or an enlarged print can be made. 
Blown up to 8 X 10 in., such an enlargement has the 
beauty of a salon print. (See Figure 1.) 

When an atom of a radioactive element disintegrates, 
the emitted ray, e. g., an alpha particle, has a range it 
air of from a few to several centimeters, depending 
upon its energy. If the disintegration occurs in al 
emulsion, the distance traveled is much less, of the order 
of */2900 of the air range but even that is greater than the 
thickness of the emulsions used for cameras. Conse 
quently, alpha particles originating within the emulsion, 
as occurs in the “loading” technique described later, 
may pass into the glass or film backing, or they may 
escape upwards. On the other hand, some of the tr 
jectories will be horizontal, and only these will present 
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completed paths for observation. Further, to make an 
easily perceptible path, a sufficiently large concentra- 
tion of silver halide grains must-be present in the emul- 
sion to afford a closely spaced series of activated grains 
for subsequent blackening by the developing process. 
Such a track or series is not ordinarily visible in the 
optical-type emulsion owing to the low halide content. 

To meet these two requirements of emulsion thick- 
ness and halide concentration, the Ilford Company of 
England and the Eastman Kodak Company have de- 
veloped special nuclear-track emulsions that are de- 
signed to meet various conditions and requirements. 
In general, they range in thickness from 10 to 200 
microns and have a halide content of from 65 to 80 
percent. In contrast to these values, the optical type 
of emulsion is about 10 to 15 microns thick and has a 
halide content of about 20 per cent. Further, as an 
added convenience, the nuclear emulsions are coated on 
the regulation 1 X 3-in. microscope slide, thus per- 
mitting accurate manipulation with a mechanical stage. 
In speed, they approximate the common ortho film and 
can be processed in red light with safety. Nuclear 
track plates are available from the manufacturer or 
from the Heinicke Instrument Corporation, 315 
Alexander St., Rochester, New York. This company 
also supplies a Nuclear Physics Teaching Kit, con- 
sisting of a manual and five exposed, processed, and 
labeled plates containing nuclear events. The Eastman 
Kodak Company, Rochester, New York, publishes a 
technical bulletin describing the various types of plates 
in detail. 

Since these plates are designed to cope with the 
various energies of atomic particles, different types 
should be used to obtain optimum discrimination be- 
tween the very light and the heavier particles as well 
as to record very long tracks passing through the emul- 
sion at an angle. However, for the work described in 
this paper, the Eastman NTB 50-micron slide appears 
well suited since it records both alpha rays and protons 
very clearly, and electron and meson tracks fairly well. 

To illustrate their use, a series of uranium acetate 
solutions of different concentrations is prepared and, 
using individual capillary-tipped droppers or a very 
thin stirring rod, small drops of each are spaced across a 
slide—under red light, of course. As a suggestion, the 
solutions may range from 10-2 to 10-5 molar. Paren- 
thetically, since the slides record scratches readily, it is 
advisable to hold them by the edges. The slide is 
placed in a light-tight container to dry and react for 24 
to 96 hours. It is developed in D-19 for 10 minutes 
Without agitation, transferred to a 2 per cent glacial 
acetic acid stop-bath for half a minute or so and fixed 
in any of the usual baths or in a straight 30 per cent 
solution of sodium thiosulfate. The usual practice of 
fixing for twice the clearing time and washing for half 
an hour in running water should be observed. It is 
good policy to discard the developer after use to avoid 
subsequent radioactive contamination of other plates, 
and to avoid waste the slide may be developed in a 
Petri dish instead of a large photo tray. Since this 


Figure 1. Polished Dendritic Uraninite 


Exposed 73 hours on Eastman ortho sheet, 50 tungsten rating. 


experiment is based on concentration a repetition based 
on time of activation suggests itself. 

Instead of impregnating or “loading” the emulsion 
by allowing a solution to dry in it, as above, a very few 
tiny grains of carnotite and another mineral may be 
scattered at opposite ends of a slide. By this method, 
the tracks will be seen to radiate from the points of 
activity in contrast to displaying more even distribution 
in all levels of the emulsion. Also, the tracks will 
have a greater variation in lengths, due to the various 
elements present in secular equilibrium. 

Reference to the uranium and thorium series sug- 
gests the use of a thorium salt as a comparison, the 
latter element being a more prolific begetter of the 
so-called “stars.” When a slide is loaded with a 
thorium solution, the numerous stars are a result of 
the fact that the disintegration products of this element 
are shorter-lived than those of uranium (6). 


Disintegration Products 
Uranium Series Thorium Series 


Prod- Radia- Prod- 
uct tion Half-life uct 


Alpha 
Alpha 
Beta sePb?!2 
Beta 19.7 min. 
Alpha 1.47 X10~‘sec. Po?!” 


Half-life 


54.5 sec. 
0.158 sec. 
10.6 hr. 
60.5 min. 
3 X 1077 sec. 


Therefore, if a solution of thorium nitrate is loaded 
into an emulsion, instead of producing numerous single 
alpha tracks many of the thorium atoms will have a 
greater opportunity to disintegrate in rapid sequence 
within the emulsion during the period of time between 
the moment of loading and the removal of the silver 
halide from the slide by fixing. Since the event is 
entirely dependent upon the factor of probability there 
will be both single and joined alpha stars, the latter 
varying from two to six prongs. The formation of a 
six-star is a rare event (6). 
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Figure 2. Proton Resulting from Cosmic Ray, Showing Scatter 


Exposed 3 weeks on Eastman NTB 50-micron slide. Photographed on 
Eastman commercial ortho, 12 tungsten rating at 430 X magnification. 


Stars and other events also occur in nuclear-track 
plates that have had no radioactive material applied to 
them. To demonstrate this, one or two slides may be 
kept in the original package for several weeks and then 
developed. Such appearances of tracks in untreated 
nuclear plates are due to the presence of radioactive 
impurities in both the glass and the emulsion. Evi- 
dence that such impurities do occur in the glass arises 
from the frequent observation of a group of alpha tracks 
that appear to be directed toward a common point but 
yet do not meet. Only such parts of a track as pass 
through the emulsion will make a photographic record. 
Occasionally tracks that are thinner and somewhat longer 
than those due to alphas will be seen, and unless they 
definitely do not fall in the category of cosmic mesons they 
are due to protons that have been ejected from an atom 
in the emulsion. It will be noticed particularly that 
at one end of these the grains appear less dark and more 


» 
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Figure 3. High Energy II-Alpha Star on Same Slide as Figure 2 
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separated than at the other end. Also the heavier enq 
may exhibit a slight bend. The reason for the first 
change (that of intensity) is the high initial speed of 
the proton, which traveled too rapidly to activate the 
silver halide strongly. As it passes through the emul. 
sion its velocity decreases and there is a greater Op- 
portunity to activate the grains, thus rendering them 
more susceptible to development. The same loss of 
energy accounts for the bend or “scattering,” since the 
proton then is more subject to repulsion by other 
atomic nuclei. 

The electron is no less ubiquitous in nuclear emulsions 
than elsewhere but its track is difficult to recognize in | M¥ 
the type of plates thus far described. They are the 
lightest of all particulate radiations and they lose 
energy quickly. Therefore, their tracks are short and 
faint, appearing as tiny curlicues here and there in the § 
emulsion or sprouting from an alpha star-prong. Webb 
gives a simple and interesting method (7) of producing 
them more abundantly by exposing a wrapped slide to (1) 
X-rays of 50 to 200 kv. 

Space does not permit describing all the experiments 
possible in this challenging project and for those in- (2) 
terested there is no better source of inspiration than H, 
Yagoda’s book, “Radioactive Measurements with (3) 
Nuclear Emulsions” (2). However, a simple cosmic §!™me 
ray experiment should be included, for if there is any-, 0! 
thing in which the student will be interested it is these ™* 
mysterious arrivals from the infinite spaces. 1000 

While a thicker emulsion may be used, the 50-)'™ 
micron NTB will serve and the combined methods off (4) 
Camerini, Muirhead, Powell, and Ritson (8) and Perf () 
kins (9) followed. It is well known that the higher one §S°°™ 
goes from sea level, the greater are the number of cosmic emuls 
events recorded. However, with stratosphere balloons, (6) 
rockets, or mountains not always at hand, one still may nuclei 
try for and obtain them at sea level with absurdyg'? © 
simple arrangements. To do this, a packet of four isclas 
nuclear plates in their original black wrapper is sur Tht 
rounded by blocks of paraffin (parowax slabs) cut to the m 
approximate size and sealed together by applying a hotf™s" 
stirring rod. This unit is wrapped in paraffined black Which 
and propped on end in a metal can having a light-tight throu; 
cover. A one-pound tobacco can is satisfactory, witha 
few wads of newspaper as props. The can is placed ons ove 
table or hung up for three to six weeks in a sheltered 
place and the plates developed as usual when the perio 
has elapsed. The plate yielding the events illustratel 
in Figures 2, 3, and 4 was one of a pair so suspended it 
a paper bag for three weeks under an open-porch roof. ff 

The results will be a mixture of events in addition tm 
those of cosmic origin. That is, there will be singki 
alphas, small stars, and protons normally occurrimi 
from plate impurities. The cosmic events at sea levé™: 
and with such brief exposures will be few, but om 
usually finds something sooner or later during tl 
search. Thus, a long proton track with a greatet ‘ 
than-usual degree of scatter is not uncommon. If 
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CATION 


cosmic ray strikes a nucleus a large star may result and 
me should examine it carefully for prongs that are 
much, much lighter than the heavier, high-energy 
alpha prongs—an additional criterion of a nuclear 
disintegration due to cosmic influence. The two-prong 
dar illustratéd in Figure 3 actually has three other 
prongs that are too faint and too much out of planar 
incidence to photograph. Lastly, using subdued 
light through the microscope, one searches carefully 
formeson tracks. These are so thin and indistinct that 
they may be overlooked if the light is too intense or if 
me scans the slide too hurriedly. 

Much has yet to be learned concerning mesons and 
itissignificant that a considerable portion of our present 
knowledge has been acquired through the use of nu- 
dear-track emulsions. In general, according to a 
gries of articles (8, 10) by Powell, Occhialini, Lattes, 
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(ier, Muirhead, and others, the following facts seem 
roducing be certain: 
slide to (1) The term “meson” is applied to any particle 


having a mass intermediate between an electron and a 
proton. 

(2) Two types of mesons, primary (7) and secondary 
(u), differing in mass, have been identified. 

(3) The majority of sea-level mesons are y-mesons, 
formed by the decay of z-mesons in flight. This was 
concluded from the fact that while the ranges of z- 
mesons vary widely from less than 100 microns to about 
1000 microns in the emulsion, the secondary events are 
far more constant, measuring from 565 to 666 microns. 
(4) The x-mesons are either positive or negative. 

(5) A positive primary meson decays, yielding a 
secondary meson. The latter appears to end in the 
emulsion without giving rise to further events. 

(6) A negative primary meson can be captured by 
nuclei, and heavy particles are emitted, such as a pro- 
ton or an alpha particle. When this occurs, the meson 
isclassed as a o-meson. 

Thus, if a high-energy star is found, whether or not 
the meson is located, the star probably is due to a o- 
meson. Again, in a sea-level plate, a long, thin event 
which has considerable scattering at one end, or even 
throughout its length, and which is joined to another 
straight-path event, may be found. Such a composite 
rack can be identified as a positive primary meson 
giving rise to a secondary meson. 
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.e period With respect to the examination of plates, a few 
ustrateleuegestions may be offered. Scanning is best done at 
ended inf’ Magnification of 200-300, varying the intensity of 


illumination, and occasionally using colored filters to 
avoid eyestrain. Scanning must be done slowly lest 
he eye be unable to pick up what is sought. Certainly, 
mechanical stage to facilitate systematic examination 
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cCurTing 
sea, levee’ * Convenience if not a necessity, in order to enable one 
but on™’? Teturn to an event for its subsequent photomicrog- 


aphy. 
Photomicrography is done as in ordinary work and 
hany systems of camera-and-microscope arrangement 
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are possible, ranging from butting a folding camera up 
against the microscope, with the draw-tube horizontal, 
to the more professional attachments. Many students 
have devised efficient combinations using inexpensive 
miniature cameras. Anything will work if the event 
can be focused sharply in the camera. However, since 
the event is so small and in an otherwise practically 
clear field, there is an appalling absence of contrast. 
Therefore, it is essential that the film used in the camera 
should be one of the high-contrast type and that sub- 
sequent processing be done with one of the contrasty 
developers. D-19 is again recommended for both its 
contrast and its long life. 
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Figure 4. Primary-Secondary Meson on Same Slide as Figure 2 
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e CHEMISTRY AND YOU 


B. Smith Hopkins, Professor of Chemistry Emeritus, University 
of Illinois; Herbert R. Smith, Head, Physical Science Depart- 
ment, Lake View High School, Chicago; M. V. McGill, Head 
Howe Military School, Howe, Indiana; and G. M. Bradbury, 
Instructor in Chemistry, Montclair High School, Montclair, New 
Jersey. Lyons and Carnahan, Chicago, 1950. ix + 772 pp. 
Illustrated. 15 X 23 cm. 


“(CHEMISTRY AND YoU” is a personal study of the subject of 
chemistry. At the same time none of the chemical principles 
or necessary theories of this science has been sacrificed for the 
numerous practical applications of chemistry in our daily lives. 
The book opens with a series of challenging pictures showing how 
chemistry affects daily living. It is a wonderful book to give boys 
and girls experience in good thinking. There are seventeen units 
nicely organized. The only change the reviewer would make in 
the organization would be to place the study of carbon last. The 
readings for pleasure and profit are well selected and the exercises 
offer ample material for review. 

“Chemistry and You” is accompanied by a laboratory manual 
entitled ‘Chemistry and You in the Laboratory.” It is compact 
and small in size (20.5 X 15.2 cm.) and contains 78 experiments. 
The laboratory manual is furnished with a teacher’s key. 


GRETA OPPE 
ScHoou 
GALVESTON, TEXAS 
+ STRUCTURAL CHEMISTRY OF INORGANIC COM- 
POUNDS. VOLUME I 


Walter Hickel, Professor of Pharmaceutical Chemistry, Tiibin- 
gen University. Translated by L. H. Long, Lecturer in the De- 
partment of Chemistry, University College, Exeter. Elsevier 
Publishing Co., New York, 1950. xii + 437 pp. 50 figs. 
17.5 26.5 cm. $9. 


Tue author of this book has attempted “to furnish inorganic 
chemistry with that which organic chemistry has long possessed 
as a basis for its systematization, namely, a structural and consti- 
tutional theory in one embracing representation.” This is a 
difficult task, for the structure of inorganic atoms is much more 
complex than that of the atoms commonly found in organic 
chemicals, and the nature of chemical binding in inorganic 
molecules and crystals is many times more varied than that ex- 
hibited by the compounds of carbon. Perhaps Dr. Hiickel has 
not completely achieved this ambitious goal, but he has written 
an excellent book on inorganic chemistry. 

Chapter I consists of an outline of the development of our 
ideas of the nature of matter and of valence. This is philosophi- 
cal in nature and is well done, but it has little connection with the 
remainder of the book. In Chapter II the basis of systematiza- 
tion is laid down. It is pointed out that inorganic compounds 
may be classified as volatile and nonvolatile, and the latter are 
further divided into those which are soluble and those which are 
insoluble. Since these physical properties are not dependent 
upon the nature of the atoms in the material but upon the nature 
of the binding forces between them, the ultimate systemization 
is based on the homopolar bond, the heteropolar bond, and the 
postulates of the coordination theory. The discussion of the 
latter (Chapter III, 142 pages) is splendid, and includes several 
topics which are not adequately discussed in most books on in- 
organic chemistry—dinuclear and polynuclear compounds, the 
polyacids, isopoly bases, and the structure of the metaphosphates 
and soluble silicates. 
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Chapter IV (The Periodic System and the Structure of Atoms) 
is concerned largely with the spectral and magnetic evidence 
upon which our modern theories of atomic structure depend, 
Chapter V is devoted to brief discussions of the chief physical 
methods used in studying inorganic structures—X-ray analysis, 
conductivity measurements, dipole moment measurements, light 
absorption and emission, the Raman effect, and magnetic meas- 
urements. In Chapter VI, the author returns to a discussion of 
the chemical bond, which is here taken up from a different point 
of view than in Chapter IT. 

Volume II, which has not yet appeared in the English transla- 
tion, will discuss Volatility of Inorganic Substances, Crystal 
Chemistry, Silicates and Glasses, Metals and Alloys, and Inor- 
ganic Chemical Reactions. The usefulness of the first volume 
will be greatly increased when the second volume appears, be- 
cause Volume I contains many references to Volume II, and the 
index to both appears in Volume IT. 

The translator has attempted to adhere closely to the style of 
the original author, with the result that the sentence structure is 
sometimes clumsy and difficult to read. The proofreading was 
not carefully done, and many minor mistakes appear. None of 
these, however, will cause serious trouble. On the whole, the 
book is excellent, and is a distinct contribution to the literature 
of inorganic chemistry. 


JONN C. BAILAR, JR. 
University or ILLINo1s 
Ursana, 


e THE FRICTION AND LUBRICATION OF SOLIDS 


F. P. Bowden and D. Tabor, Department of Physical Chemistry, 
Cambridge University, England. Oxford University Press, Lon- 
don, 1950. xii+ 337pp. 114 figs. 45tables. 16 x 
$7. 


Tus book is in the International Series of Monographs on 
Physics. ‘It describes an experimental study of the physical 
and, to a less extent, of the chemical processes that occur during 
the sliding of solids, particularly metals, and an investigation into 
the mechanism of friction and boundary lubrication. It is nots 
general textbook, since it deals almost entirely with experimental 
researches carried out by the writers and their collaborators and 
colleagues.” 

With the limitations admitted in the preface, the book is an 
excellent presentation of this specific subject. 


KENNETH A. KOBE 
UNIVERSITY OF TEXAS 
Austin, Texas 


INTRODUCTORY NUCLEAR PHYSICS 


David Halliday, University of Pittsburgh. John Wiley and 
Sons, New York, 1950. ix + 558 pp. 279 figs. 69 tables 
14.5 X 22cm. $6.50. 


Tue preparation of an up-to-date book on all phases of nuclear 
physics is an ambitious undertaking. The author of this volume 
has been markedly successful in covering the wide range of sub- 
ject matter and still maintaining it in compact readable form. 
To accomplish this he has eliminated a great deal of older work 
which has been superseded and has reduced mathematical de 
velopment to a minimum. 

A thorough understanding of modern nuclear theory demands 
some knowledge of quantum mechanics, and while certain of the 
concepts and equations are used in this book a great deal of infor 
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mation and insight into nuclear processes can be obtained by 
those who do not have this preparation. The book is intended asa 
general nuclear physics textbook on a starting graduate level. 
The emphasis throughout is on experimental results, while 
theory is interwoven to correlate the observations and does not 
in general attempt to go beyond them. 

The book is organized into 13 chapters each of which contains 
material printed in small type which can be ignored without in- 
terrupting the continuity of the subject. Each chapter is fol- 
lowed by a list of problems as an aid to those who wish to use the 
book for instruction. 

The important underlying feature of this book is its obvious 
direct contact with current original literature. The reader will 
find discussions of the new developments of nuclear physics, of 
which there are many, in addition to the nuclear chain reaction. 
As examples, summaries are provided of the complex relation- 
ships of the different mesons and the current status of cosmic 
ray research, and new experimental methods such as neutron 
diffraction and microwave spectroscopy are described. In addi- 
tion, most of the new insiruments and machines of nuclear 
physics are diagramed and explained. For those who wish to 
go beyond the material given in the book a generous number of 
recent literature references are given, particularly to work 
which has not yet found its way into books. 

A spot check through the book yielded a sprinkling of minor 
errors, most of them probably typographical, but the incidence 
seems to be smaller than that of most comparable books in first 
edition. Any particular research worker in nuclear physics might 
find that he would describe his field in more detail or with change 
in nuance, but in this reviewer’s opinion the author has main- 
tained a good perspective. The volume can be recommended 
both to students of the nuclear sciences and those with a more 
casual interest in the field as a faithful and lucid description of , 
experimental nuclear physics today. 


I. PERLMAN 
UNIVERSITY OF CALIFORNIA 
BerKELEY, CALIFORNIA 


® AN EIGHTEENTH CENTURY LECTURESHIP IN 
CHEMISTRY 


Edited by Andrew Kent. Jackson, Son and Co., Glasgow, 1950. 
xv+ 233 pp. 18 plates. 14 X 22cm. 21/-. 


In 1947 the University of Glasgow celebrated the two-hundredth 
anniversary of the founding of its first lectureship in chemistry. 
The first incumbent was William Cullen, his successor was 
Joseph Black, and the chair, which became a Regius Professor- 
ship with Thomas Thomson in 1818, has continued until the 
present day. As part of the celebration, four addresses were pre- 
sented, dealing with Cullen, Black, the industrial development of 
Scotland during the Cullen-Black period, and Glasgow chemistry 
in the twentieth century. Subsequently these addresses were 
supplemented by a number of additional essays to make up the 
present book. 

_Although in a sense the book is the history of a single univer- 
sity, itis actully far more. It is as much the story of chemistry in 
the University of Edinburgh as of Glasgow, for the faculty of 
Edinburgh was drawn almost entirely from Glasgow in the 
eighteenth century. Between the two universities, most of the 
chemical developments of Scotland were covered. At this period 
Scotland was one of the leading centers of chemical education of 
the world. Particularly did students from colonial America 
come to study with Cullen and Black. The pioneering work of 
Rush in Philadelphia and Maclean at Princeton reflects the train- 
ing they received in Scotland. Watt invented his steam engine 
at Glasgow, and many of the founders of English chemical indus- 
tries were educated there. 

All of these aspects of Scottish chemistry are treated in the brief 
but authoritative essays presented in this volume. Biographical 
sketches of the leading chemists of the period, Irvine, Robison, 
Hope, Cleghorn, and Thomson, supplement the fuller treatment 
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of Cullen and Black. The physical setting, Glasgow and its 
University, are described, and the chemical background, stem- 
ming largely from Boerhaave and reflecting the main trends of a 
period when the doctrine of phlogiston was giving way to the 
chemistry of Lavoisier, is well discussed. The essay on ‘‘Phlogis- 
ton, Caloric, and Heat” is particularly illuminating in revealing 
the type of thinking which prevailed among chemists of that time. 
The industrial development of Scotland is described, and the 
story of Glasgow chemistry is carried down to modern times in the 
final essay. There is a short article by T. S. Patterson which 
makes some very pungent comments on modern methods of teach- 
ing chemistry, in contrast to the inductive method used by Black. 

It can thus be seen that the book contains material which 
should appeal to almost every taste. In spite of the number of 
topics discussed, however, there is a unity of treatment which 
makes it a pleasure to read the book through. It recreates the 
informal spirit of the time, when students might throw a handful 
of dried peas at the professor, but it also recreates a period of intel- 
lectual ferment when chemistry was undergoing its most drastic 
change. There are few who will not find stimulation and profit in 
reading this volume. 


HENRY M. LEICESTER 
CoLLEGE PHYSICIANS AND SURGEONS 
San Francisco, CALIFORNIA 


ELEMENTS OF FRACTIONAL DISTILLATION 


C. S. Robinson and E. R. Gilliland, Professors of Chemical 
Engineering, Massachusetts Institute of Technology. Revised 
and rewritten by E. R. Gilliland. Fourth edition. McGraw- 
Hill Book Co., New York, 1950. ix + 492 pp. [IIlustrated. 16 
X 23.5 cm. $7. 


Tue fourth edition of ‘Elements of Fractional Distillation” 
has been entirely rewritten by Professor Gilliland, who has grad- 
uated the volume from the publishers International Chemical 
Series to the Chemical Engineering Series. Most of the chapters 
are new and those in the third edition (1939) dealing with special 
technologies have been discarded in favor of fundamental meth- 
ods of design. 

The first section of four chapters (100 pages) is entirely new. 
It deals with the determination of vapor-liquid equilibria, pres- 
entation of these data, and the calculation of equilibria. For 
the latter calculations, the use of the Duhem-Margules and Van 
Laar equations is illustrated. The following four chapters (113 
pages) present simple distillation and rectification of binary 
solutions. The main emphasis is placed on the Sorel calculation 
and McCabe-Thiele graphical methods. The Ponchon enthalpy- 
concentration graphical method is treated rather briefly because 
of its limitation to binary solutions, although the general utility 
of this method in many chemical engineering calculations should 
warrant a more detailed treatment. A third section (156 pages) 
applies the previous methods to multicomponent solutions, using 
Sorel’s method, and then shows the applicability of several alter- 
nate design methods. Extractive and azeotropic distillation 
methods are discussed and illustrated, as are batch and vacuum 
distillations. Esterification reactions are used to illustrate a 
brief chapter on simultaneous rectification and chemical reac- 
tion. A fourth section (109 pages) treats the problems of mechan- 
ical design of the fractionating column and auxiliary equipment. 
Finally, the performance of the column under operating condi- 
tions and plate efficiencies is discussed. 

Although this book is the only modern text in English devoted 
to distillation, its title of “Elements” indicates that certain bene- 
fits and limitations are to be expected. Because all discussion 
begins with the fundamentals anyone with a good training in 
physical chemistry can master the book. For the chemical engi- 
neer with a bachelor’s degree there will be a review of principles 
previously learned before progressing to new material. But this 
also is one of the limitations. The book does not discuss many 
of the newer and specialized methods that have appeared in the 
literature in the last few years, particularly for complex petroleum 
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fractions. The same can be said of column design methods. 
Hence, those expecting a review and summary of recent literature 
in the field will be disappointed. 

It is peculiar that, after the A. I. Ch. E., A. 8S. A., and A. C.S8. 
have set up certain standard symbols and notation a text in a 
chemical engineering series would fail to follow these standards. 
The consistent use of mol rather than mole is probably due to the 
desire to use the old illustrations rather than make new ones. 
Others apparent are u for z (compressibiltiy), O for L (liquid flow 
in column), and others. The abundant references to M. I. T. 
theses and 10.45 notes which are not available to the nonresident 
of Cambridge could undoubtedly be replaced by journal refer- 
ences that would be of greater general value. Many of the 
journal references should be modernized; thus, instead of refer- 
ring to Othmer’s article in 1928 the 1948 reference should be used, 
as it refers to all of his previous papers in the field of vapor- 
liquid equilibrium. 

Because this book is well-written and does cover excellently 
the field of distillation, it will be used widely as an advanced text 
and as a reference book. 


KENNETH A. KOBE 
University oF TEXAS 
Austin, Texas 


CHEMICAL CONSTITUTION AND BIOLOGICAL 
ACTIVITY 


W. A. Sexton, Imperial Chemical Industries, Ltd., Manchester, 
England. D. Van Nostrand Co., New York, 1950. xxi + 412 
pp. 36 figs. 57tables. 15.5 X 25.5cm. $10. 


Tue relation between chemical constitution and biological 
activity is of intense interest to workers in both the basic and 
applied sciences, and it is not surprising that the point of empha- 
sis will be different for the two groups of investigators. It is the 
reviewer's opinion that the present monograph is more likely to 
appeal to those primarily interested in application rather than in 
basic principles. It may be noted that the author’s implied goal 
is “the design of physiologically active molecules.” In the intro- 
duction the author has provided an interesting historical account 
of the development of synthetic organic medicinals and of the 
premises behind this development. The treatment of this topic 
indicates an awareness as to present status and problems and as 
to what is fact and hypothesis. The general tone is somewhat 
optimistic. 

The monograph can be considered to be composed of three 
parts; the first, Chapters I to V inclusive, is an account of what 
may be termed the chemistry of the probable in situ reactants, or 
matrix elements, and of the general nature of the reactions of 
these substances with diffusible reactants. The first chapter 
contains a very brief account of the current ideas relative to the 
structure of the proteins, nucleic acids, and polysaccharides. It 
is not apparent why the lipids are ignored. It is the reviewer’s 
opinion that the section devoted to enzyme action could be sub- 
stantially improved by adopting a more quantitative attitude. A 
reader familiar with the concepts of enzyme chemistry may be 
annoyed by the terminology employed in the second chapter 
entitled Chemical Mechanisms Determining Drug Activity. 
The use of “inhibition by neutralization” for the well established 
‘“Grreversible inhibition” and the failure to clearly distinguish be- 
tween the various types of reversible interactions cannot be com- 
mended. The examples given for irreversible inhibition are well 
chosen. In contrast, the reader cannot be certain that the ex- 
amples given for “inhibition by competition” are truly illustrative 
since the only test applied is that of reversibility in very complex 
systems. In view of the author’s use of conventional structural 
formulas to interpret physiological activity the reviewer would 
like to advance the proposition that the interpretation of some 
reactions of physiological interest may be beyond the scope of 
such models. A discussion of solubility phenomena, bond types, 
stereochemistry, surface chemistry, cellular permeability, and the 
kinetics of bacterial growth is given in Chapter III under the 
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heading of Some Physico-Chemical Considerations. The treat. 
ment is far too brief and is generally superficial. The review 

believes that the author’s reluctance to adopt a more sieeilll 
treatment, where such a treatment is possible, seriously daa 
from the usefulness of his monograph. The last two chapters, of 
the first section are respectively titled Modification of Drugs B 

Living Organisms and Effects of Specific Chemical Groupin ; 
The first of these two chapters is a reasonable account of the fat 
of organic compounds in living systems. Chapter V is based 
upon an analogy to dyestuff chemistry and elaborates on the 

proposition that biological activity can be explained, at least in 

part, on a functional group basis. The author is clearly aware of 
the limitations of this approach and the contents of this chapter 

with but one or two exceptions, offer little that would not be on 
mised by anyone familiar with elementary organic chemistry, 

The second part of the book, namely Chapters VI to XIII in. 
clusive, is a series of essays on the chemistry and biological ae- 
tivity of those compounds which are commonly recognized ag 
vitamins, or growth factors, and are known or presumed to be 
functional as prosthetic groups of enzyme systems. The topics 
covered are: nicotinamide, riboflavin, thiamine, p-aminobenzoic 
acid, pyridoxin, pantothenic acid, biotin, pyrimidines, purines 
pterins, porphyrins, cholines, and quinones. The account given 
is adequate and is written in a reasonably critical vein. Many 
tables purporting to relate chemical structure and biological 
activity are given. The essay on p-aminobenzoic acid provides 
an interesting example of how a theory which was originally 
satisfying, because of a limited amount of data, has grown intoa 
veritable monster by the introduction of numerous ad hoc hy- 
potheses in order to explain additional observations. 

The third and last part of the book is concerned with areas 
which, as the author points out, have been selected in a rather 
arbitrary manner. Chapter XIV contains a brief review of the 
more common antibiotics, Chapter XV a résumé of the chemistry 
of several of the hormones, and Chapter XVI a description of a 
number of bactericides and fungicides. The antiprotozoal drugs 
are discussed in Chapter XVII and the insecticides and anthel- 
mentics in Chapter XVIII. The last three chapters, namely XIX 
to XXI, are devoted to cancer, plant growth regulators, and anti- 
gens and antibodies. In these chapters, as well as in the previous 
ones, no attempt has been made to present an exhaustive liters- 
ture survey. At the end of each chapter a number of selected 
references are given, including some as recent as 1948. 

The lack of success in relating chemical constitution to biolog- 
cal activity, except in very limited areas, is not due to any de- 
ficiency of this monograph, for it is doubtful that anyone could 
do a substantially better job at the present time. It is reason- 
ably clear that a real understanding of the above topic is not 
even close and that the occasional success achieved in the de- 
velopment of a new “miracle drug” has contributed but little to 
the elaboration of basic principles. 


CARL NIEMANN 
INSTITUTE OF TECHNOLOGY 
PasaDENA, CALIFORNIA 


= THE EFFECTS OF ATOMIC WEAPONS 


Prepared under the direction of the Los Alamos Scientific Labora- 
tory. Executive editor: Samuel Glasstone. McGraw-Hill 
Book Co., New York, 1950. x + 456 pp. Illustrated. 16 X 
23.5 cm. $2.25. 


A REvIEw of this book may conveniently start with the crude 
description of an atomic explosion as a bright light, gust of wind 
or, possibly, surge of water, and many “hot” atoms. Something 
like a third of the book is devoted to an account of the manner it 
which these phenomena develop. A second major portion of the 
text is concerned with predictions, and illustration by example: 
from the several bursts, of what happens to property and persons 
as a result. Finally there are discussions of possible defense 

inst atomic weapons. 
he book is a joint effort of many persons, 24 being listed a 
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rincipal contributors, 14 as lesser ones, 48 as having reviewed 
the manuscript in whole or in part, and two as technical advisors 
to the staff of five editors. The list includes many eminent names 
and there is no question of the competence of the various con- 
tributors to write on their respective subjects. The coordination 
of all the material must have been a major effort and has been 
well done. 

The discussions of the physical phenomena start with qualita- 
tive descriptions of the underlying causes which are followed by 
summaries of predicted and observed effects with only general 
indications of the theoretical or experimental basis. The scien- 
tific reader may wonder just how experimental points would 
look on many of the curves and a nontechnical reader would 
find much of the book heavy going. One can nevertheless hope 
that many will read this book rather than ones on astronomical 
collisions and flying saucers. The sections dealing with human 
and property damage are documented with photographs taken 
after the Japanese bombing and with a variety of statistics, all 
of which bear testimony to the intensive and extensive destruc- 
tion. The discussion of protective and relief measures shows in 
a matter-of-fact way what formidable questions face the planners 
of atomic defenses. 

The final effect of the book should be awesome for anyone not 
familiar at first hand with atomic weapons. A ‘‘nominal’’ bomb 
corresponding roughly to 20,000 tons of TNT is used as a basis for 
most of the discussion, the brightness of the ball of fire is ex- 
pressed in “suns” as units, and distances of less than half a mile 
from such an explosion are found to be in such triple jeopardy 
from radiation, blast, and fire as not to be considered in any detail. 
One may perhaps find comfort of a sort in the comparison of the 
bomb with a third-rate earthquake, and in the conclusion that 
negligible effects on the weather are to be expected. 

Whatever the limitations of the presentation arising from in- 
adequate knowledge or omission of pertinent information may be, 
the book is a valuable summary of past experience with atomic 
bombs and of what may be expected to happen when one explodes. 


ROBERT H. COLE 
Brown UNIVERSITY 
ProvipENcE, RHODE ISLAND 


* CHEMISTRY VISUALIZED AND APPLIED 


Armand Joseph Courchaine, Instructor in Biological Chemis- 
try, Hahnemann Medical College; and Science Instructor, Hahne- 
mann Hospital School of Nursing, Philadelphia. Edited by M. 
Cordelia Cowan. G. P. Putnam's Sons, New York, 1950. xiv 
+687 pp. 122 figs. 14 21.5cm. $5.50. 


THERE are three parts to this combined text and reference: 
Part I covers many important aspects of inorganic chemistry, 
Part II provides an introduction to organic chemistry, and Part 
III presents considerable information on biological chemistry. 
The book is intended for the use of students contemplating a 
career related to health and disease. 

The quantity of detail which the author has been able to pack 
into a single volume is phenomenal and all of it consists of either 
basic chemical fact or the application of these facts to a study of 
physiology. The large number of unusual and interesting ap- 
plications of chemistry to the field of medicine should make a 
strong appeal to those who will use this book. 

The inorganic chemistry in the first twelve chapters is organized 
rather cleverly for ready assimilation. As early as page xii of 
the Practical Suggestions to the Student comes the warning that 
there are only four general types of chemical compounds—oxides, 
acids, bases, and salts; and, happily, only four general types of 
chemical change—synthesis, analysis, single replacement, and 
double replacement. In Chapter 2, Matter, there are lists of 
laws and of definitions. An example of a problem to determine 
formula from percentage composition is followed by an example 
of a problem to determine percentage composition from the 
formula. Each chapter begins with the clause: “From your 


daily reading, past study, and experience, do you recall:” and 
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this clause is completed by a list of twenty or thirty alternative 
clauses such as: ‘‘Whata molecule is? How many internationally 
known elements there are?” 

Unfortunately, this kind of organization keeps the author so 
occupied that he has little time to follow the logical development 
of the great principles of chemistry. Even the structure of the 
atom is delivered dogmatically with no reference to the early 
experiments or to the periodic classification of the elements. 
Mendeleev and Moseley share less than a page between them. 
The suspicion arises that the author believes these students of 
health had better memorize the chemical facts that they will need 
in their business and leave the study of chemistry as a science to 
those with time and inclination to pursue it, a suspicion strength- 
ened by a reading of the questions that appear at the end of the 
chapters. 


In the second section, an introduction to organic chemistry, 
chemicals are grouped according to their medicinal value, thus 
disturbing much of the inherent logic of organic chemistry. 

In the third section the author is clearly at his best, with page 
after page of interesting up-to-date information on biological 
chemistry. 

Physicians, dentists, nurses, and others interested in the 
chemistry of health and disease have here an excellent reference 
book, but in using this book as a text, an instructor would need to 
show marked restraint. 


BENTLEY EDWARDS 
Cuico State 
Cuico, CALIFORNIA 


se QUAKERS IN SCIENCE AND INDUSTRY 


Arthur Raistrick. Philosophical Library, Inc., New York, 1950. 
361 pp. 16 plates. 14 X 22.5cm. $6. 


Tue author’s thesis is that the persecution of the early Quakers 
almost inevitably drove them out of farming and into business 
and that their religious practices contributed heavily to their 
financial success. His examples are drawn exclusively from 
English Quakers of the period 1650 to 1800. 

From the time of George Fox the Quakers have protested 
against the double standard of truth implied in the custom of 
taking oaths. As a consequence, they were branded as “‘sub- 
versive characters” and thrown into jail by the thousands. 
There is an appalling familiar ring to the story. They refused 
to pay tithes to the church and had their goods confiscated as a 
result. Most of them were originally farmers, but they shifted 
to various business occupations in which they were less depend- 
ent on horses, cows, implements, etc., which could so easily be 
taken from them. 

The Quaker religion is a seven-day-a-week one, and the mem- 
bers had a compelling sense of social responsibility. They set the 
standards for fairness in business dealing, they had a deep con- 
cern for the welfare of their employees, and they were very con- 
servative in their ventures. Numerous intermarriages united 
families in many different lines. 

Among their most notable contributions to technology are the 
process for smelting iron ore with coke instead of charcoal, im- 
provement in the purification of lead, and the making of the most 
accurate clocks and watches of the period. In the field of medi- 
cine, it was a group of liberal Quaker doctors who tested Jenner’s 
technique of vaccination after the conservative Royal Society 
had turned a deaf ear to him. Various naturalists are men- 
tioned, among them John Bartram, the only American Quaker 
included. The author shows a curious sense of proportion in giv- 
ing almost the same space to his treatment of John Dalton and 
his contemporary chemist, William Allen. 

This book shows the result of years of painstaking research. 
It is a valuable source book for details of industry and the social 
customs of the times. 


RICHARD WISTAR 
Mitts 
OAKLAND, CALIFORNIA 
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e DISTILLATION EQUILIBRIUM DATA 


Ju Chin Chu, Associate Professor of Chemical Engineering, 
Polytechnic Institute of Brooklyn; . Paul, Teaching Fellow, 
Polytechnic Institute of Brooklyn; FR. J. Getty and L. F. Bren- 
necke, Chemical Engineers, Aluminum Ore Company. Reinhold 
Publishing Corporation, New York, 1950. v + 304 pp. 176 
tables. 15 X 23cm. $6. 


“DisTiLLATION EquiLisriuM Data” is a compilation of binary 
and ternary vapor-liquid equilibrium data which have appeared 
in the literature as of December, 1949. The attempt to include 
all available binary and ternary distillation data under one cover 
to serve as a ready reference for those working in the field of dis- 
tillation is an excellent one. The systems are arranged alpha- 
betically, based on the name of the more volatile component, and 
are numbered in order of their appearance. The index also pre- 
sents an alphabetical listing of components and their system 
number and page. 

While as a whole the book is a contribution to distillation 
literature, there are several defects. The bibliography as given 
has no cross references to page or system number. Names of a 
number of investigators listed in the bibliography are misspelled. 
In some cases the references are not to the original article in which 
the investigators reported their experimental data. 

In spite of these discrepancies, the book will serve as a useful 
reference to those working in the field of distillation. 


M. VAN WINKLE 
University or Texas 
Austin, Texas 


e GENERAL CHEMISTRY FOR COLLEGES 


Jelks Barksdale, Alabama Polytechnic Institute. Longmans, 
Green and Company, New York; 1950. viii + 540 pp. 77 
figs. 42 illustrations (halftones). 37 tables. 15 xX 22 cm. 
$5. 


THE recent texts in general chemistry for use in colleges have 
followed many different patterns. This text definitely sets a 
pattern of its own because of its frank and continual emphasis on 
the descriptive side of chemistry. Teachers who believe in this 
emphasis will probably be pleased with this text. Teachers who 
emphasize the principles of general chemistry and the continuous 
applications of these principles will find it worth while to examine 
this text in order to improve their own perspective of the entire 
subject matter of general chemistry. 

The author has had both college teaching and industrial experi- 
ence. The stated purpose of the author in offering this text is 
“the presentation of the essentials of general chemistry in a clear, 
simple manner so they can be learned and understood by students 
who are not chemistry majors. High school chemistry is not 
presupposed.” The author stresses the arrangement of the text 
materials, which is based upon his own teaching and industrial 
experience. He furthermore emphasizes his opinion that “it is 
necessary to learn many facts of descriptive chemistry, simply by 
memorizing them,” and that the student should possess a facile 
ability to write formulas and to write and balance chemical equa- 
tions. 

The writer of a text must assume the responsibility for clear, 
interesting, and simple writing, the reliability of all factual 
material, and for consistency in his treatment of textual materials. 
The author has erred in these respects to a greater extent than is 
usual for a first printing. There are many examples of hasty or 
careless writing and questionable statements of fact. Thus, on 
page 49 there appears the statement that hydrogen “is the 
lightest substance.” The author meant no doubt to state that 
hydrogen is the lightest element. A statement on page 255 per- 
taining to phosphorus is true only for yellow phosphorus. Two 
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equations on the top of page 242 are quite extraneous to the 
adjacent material in context. On page 45 one reads that ther 
is a trace of hydrogen in the atmosphere “probably formed by 
electrolysis of atmospheric water caused by lighting.” On page 
35 there is a reference to Thompson and Astor, where the author 
should have referred to Thomson and Aston. On page 72 the 
figure to illustrate diffusion of gases should be vertical instead of 
horizontal. 

The volume includes much more detailed descriptive materia) 
than most teachers of general chemistry can present in one yegy, 
The author, furthermore, has made use of many scientific ideas 
with no explanation. As a result, many passages can be inter. 
preted by the teacher but they will be more or less meaingless tp 
the beginning student with no high-school chemistry. 

Teachers who like to teach chemistry as scientific method wil] 
be annoyed by a casual and dogmatic presentation of important 
scientific theories with no indication of the evidence which was 
responsible for the theories. Thus, on page 6 one reads, “Dalton, 
after careful study of the experimental evidence, came to the con- 
clusion that all matter is composed of extremely small particles 
which cannot be further divided.’’ None of the experimental 
evidence is cited. The kinetic theory is presented on page 62 asa 
finished picture and with little indication of its significance as a 
theory. 

The publisher has done an excellent job of printing and bind- 
ing. The total number of pages is considerably less than in many 
of the recent texts in general chemistry. Teachers who need 4 
brief descriptive coverage of the material usually considered in 
the first-year’s course in genera] chemistry should examine this 
book. 


CONRAD E. RONNEBERG 
DENISON UNIVERSITY 
GRANVILLF, OHIO 


e CHEMISTRY AND BIOLOGY OF PROTEINS 


Felix Haurowitz, Indiana University, Bloomington, Indiana. 
Academic Press, Inc., New York, 1950. xii + 374 pp. 52 
figs. 16 X 23.5 cm. $5.50. 


RESEARCH in protein chemistry proceeds at so lively a pace 
that the authoritative treatise on proteins edited by C. L. A 
Schmidt has become, in spite of its supplementary volume, out 
of date in some respects. Haurowitz has undertaken the dif 
ficult task of bringing the subject up to date, a task all the more 
difficult in that he has elected to present the subject in a rela- 
tively small volume. His choice of material, however, seems 
admirable. While emphasizing the newer knowledge about pro- 
teins, he gives clear résumés of the older and well-established 
facts. 

A short introductory chapter on the role of proteins in biology 
is written more from the standpoint of the chemist than the bi 
ologist. There follow nine chapters which deal with the properties 
and methods of study of proteins and with the size, shape, and 
structure of protein molecules. Five chapters describe, respec 
tively, the conjugated proteins, the enzymatic proteins, the pro 
teins that are hormones, proteins of immunological interest, and 
toxic proteins. 

The last two chapters dealing with protein synthesis in living 
things will be of especial interest to biochemists. While there are 
solid facts available for a foundation of the study of biosynthesis, 
the major part of the presentation reflects the incompleteness af 
our knowledge and is, accordingly, highly conjectural. But itis 
stimulating to the imagination and includes those theories which 
promise to be fruitful ones. 


PHILIP H, MITCHELL 
Brown UNIVERSITY 
Provipence, Ruope Istanp 
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EBERBACH LABORATORY SHAKERS 


The utility box carrier on the variable speed power unit 
shown here is the most versatile laboratory shaker. Various 
size and shape containers (even a 5 gallon bottle as illus- 
trated) are held securely by the rubber-covered sliding bar 
clamps. Speeds between 100 and 300 oscillations per 
minute. Interchangeable carriers for flasks are available. 
Durably built and attractively finished, Eberbach laboratory 
shakers are quality machines. There is a dealer near you. 
Our Bulletin 100-D illustrates and describes the entire line of 
shakers in detail. Write for a copy today. 


LABORATORY 
SUPPLIES 

SON COMPANY 


ANN ARBOR. MICH. ESTABLISHED 1043 


Two GINN AND COMPANY 


Home Office: Boston 
Outstanding Sales Offices: 
New York 11 Chicago 16 
Atlanta 3 Dallas 1 
Texts Columbus 16 San Francisco 3 
Toronto 5 


EVANS -GARRETT- SISLER MACK -GARRETT- HASKINS - VERHOEK 
Semimicro Qualitative Analysis Texthook of Chemistry 
Revised Edition A text which teaches students fundamental facts 


An expanded and modernized edition of the popular and theories as they learn to reason scientifically. 


standard text, with new material on structure and _Stresses the particle nature of matter, and includes 
properties, why reactions occur, why substances an unusually detailed treatment of organic chem- 
dissolve, reasons for complex ion formations, and istry. Points out the application of chemistry in 
multiple oxidation states. Emphasizes the concept 
of ionic reactions. Drill in writing complete equa- 
tions. Noted for its clear and well-organized pres- : 
entation—an excellent text for use as an integral tative material, lucid presentation of the thco- 
part of a course in general chemistry. retical structure of chemistry. Laboratory Manual. 


industry and daily life. Outstanding features of the 
text: careful integration of topics, wealth of illus- 
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PRECISION Utility Water Bath does many jobs, 
using various racks and covers, saves space and extra 
equipment. Temperature control to 0.3°C., handy ref- 
erence dial; no cleaning, Stainless Steel throughout. 


ff Lorge or small Models for AC or DC, Room to 60° or 
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100°C., low price. Bulletin 11-600 


Your work can be easier, surer, more economical with the 
appropriate Precision apparatus—"‘utility’’ items to highly 
specialized instruments. Whatever your need for replace- 
ment or addition to your laboratory, choose from our 
3,000 proved products... 


Onder from your Dealer WOW! 


. or write us for details on above or 
your individual problem . . . today. 


Precision Scientific Company 


3737 W. CORTLAND STREET—CHICAGO 47 


* FINEST Research and Production Control Apparatus 
NEW YORK + PHILADELPHIA + ST. LOUIS » HOUSTON * SAN FRANCISCO 


How Protein Fat and Fiber are 
analyzed at Univ. of Kentucky 


Thousands of samples are run quickly and accurately every 
year at Kentucky's of Feed and Fertilizer. Here, 
as in dozens of other university laboratories, ‘‘Labconco” ap- 
paratus is on the job. 


KJELDAHL “APPARATUS for protein determination com- 
bines digestion and distillation, has electric 3-stage heat. 
Like all “Labconco” Kjeldahl apparatus, this unit has guar- 
anteed fume disposal. ‘‘Labconco” offers Kjeldahl in 6 to 96 
flask capacity, with gas or electric heat. 


“GOLDFISCH™ | FAT EXTRACTION APPARATUS speeds 
up solvent extract safety f e sol- 
vent—is a real favorite in many labs. 


CRUDE FIBER CONDENSER by “Labconco” Gow with 
laboratory's own filtering system) handles the 
troublesome part of the fi determination. ith this ap- 
paratus, frothing is minimized, heat regulation is instant; avail- 
able in 2, 4 and 6 capacity units. 

Get in touch with the manufacturer for full details on these 
units as well as on “‘Labconco” mills, carts, specialized tables 
and associated laboratory equipment. 


LABORATORY CONSTRUCTION CO. 
1113 Holmes Kansas City, Mo. 
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star performer in your lab! 


Theleo’s 


VERSATILE OVEN 


For rapid combustion reactions with 
model I 9A sodium peroxide to determine: | 
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Want tc 
in your 
Corpor: 
PRECISION Thelco Vacuum Oven offers 100% visi- : 
bility with large fog-proof window, white enamel in- signed t 
terior. Big rectangular-design permits more output, 
larger units, easier handling. Automatic temperature g 
(room to 125° C.) control to 0.25° C. Quicker drying, : And fo: 
radiant heat. Low cost, long service. Bulletin 0-376. 


acid... 


fume p: 


Model 19A gets a big hand for low cost... ‘ 
long service... easier handling! A fine In coal, coke, organic 
vacuum oven with 100% visibility. Com- compounds, petroleum 
plete with vacuum gauge, thermostat and , and petroleum products, 
thermometer. rubber and other diffi- 


Temperature automatically controlled Ask cultly soluble organic 
your PARR Deal 

from room to 125°C. You'll find Model for full information or materials 

19A a boon for drying, annealing, condi- write direct to the BD ot | 

tioning, and many other utility chores. Factory. hom 


$195 


LABORATORY 
SUPPLIES 
INCORPORATED 


sdaietetoensins 81 Reade St., New York 7 
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| 
Sodium Peroxide | 
= 
\ 
Pi 
| 
INSTRUMENT COMPANY 
ILLINOI 
8 MAKERS OF CALORIMETERS AND PRESSURE REACTION EQUIPMENT 
UIPME 
— 


International Nickel Company, Inc., Research Laboratory, Bayonne, New Jersey 


ALBERENE 
FUME HOODS 


make Perchloric Acid 
handling safer! 


Want to reduce the worry in using perchloric acid 
in your laboratory analyses? Now Alberene Stone 
Corporation offers you fume hoods specially de- 
signed to reduce hazards in working with perchloric 
acid... specially designed to give you greater safety. 
And for prompt advice on any of your laboratory 
fume problems write to Alberene Stone Corporation 
of Virginia, 419 Fourth Avenue, New York 16, N. Y. 


| Orbetter yet—visit our nearest Alberene branch office. 


of an article giving helpful hints on 
ip sate handling of perchloric acid are 
iB yours for the asking. Just write today 
on your company letterhead. 


ALBERENE STONE 


Branches in Principal Cities 


BRIEF COLLEGE CHEMISTRY 


Revised Edition 


Leon B. Richardson & Andrew J. Scarlett 
Dartmouth College 


In revising an already popular and_ widely-used 
text, the authors have increased its value for intro- 
ductory courses in general chemistry. The book 
has been rewritten to attain greater clarity, and 
some of the more difficult material has been con- 
siderably simplified. It has been largely reorgan- 
ized and many new topics have been added to 
bring it thoroughly up to date. Nearly all of the 
photographs of chemical processes are new, and 
carefully selected to be fully illustrative. 


1951 470 pages $4.25 


LABORATORY MANUAL FOR 
BRIEF COLLEGE CHEMISTRY 


Also just published is a revised edition of the labora- 
tory manual written to accompany BRIEF COL- 
LEGE CHEMISTRY. 


IQ5I 229pages $2.00 


GENERAL CHEMISTRY 


Pierce W. Selwood, Northwestern University 


This successful new text provides a thorough back- 
ground for the student through an atomistic ap- 
proach to general chemistry. More than usual 
emphasis is given to organic chemistry, and bio- 
chemical material is included wherever possible. 


1950 681 pages $4.60 


“A very pleasing narrative style is used by the 
author .. . The choice of material for inclusion in 
the book is well done . . . A wealth of topics is pre- 
sented to intrigue the student into going deeper 
into the subject on his own.”—L. Reed Brantley, 
Occidental College, in the YFournal of Chemical 
Education 


EXPERIMENTS IN GENERAL CHEMISTRY 


A laboratory manual to accompany the Selwood text. 
1950 186 pages $7.60 


A PRACTICAL SURVEY OF 


CHEMISTRY, Revised Edition 
Walter S. Dyer 


Revised by Manfred Mueller 
City College of San Francisco 


This text is an excellent choice for courses which 
stress the application of chemistry to daily life. 
The revised edition has been thoroughly reorgan- 
ized and reillustrated and all of the material has 
been brought completely up to date. 


1950 564 pages $3.60 
HENRY HOLT AND COMPANY 
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WILKENS-ANDERSON CO 


Buying Semi-Micro Ware .. . 
Means Buying From WACO! 


For continued satisfaction through ihe years, your Semi- 
Micro apparatus probably was purchased from us. 


WACO worked with pioneers of Semi-Micro in the 30’s! 


“Semi-Micre Apparatus” 
by WACO xxx 


This 12 page booklet is TO-DAY's catalog 
of Semi-Micro Apparatus. 


Modern pieces of the modern plastics, for 
example .. . far different than the early begin- 
nings, when 2x4’s were 
hauled in to be cut into test 
tube racks. Or an author 
advised #1 size tomato can 
as best for a S-M water bath. 
The prices, sorry, are a bit 
higher than in those days, 
although there are excep- 


tions if you wish to 
chlorinate acetic acid or do a 
S-M Hydrogenation, the 
highly successful Cheronis 
Hydrogenation Apparatus 
with ground joints is only 
$14.50 now . . . instead of 
$22.50! We'd suggest you 
try a few this year. They 


work! Order No. 4464 JC. 


* Write today for 12 Page Catalog of WACO S-M Apparatus 
. shown in alphabetical order for easy reference! 


* Also ask for WACO Apparatus Listings for several Text 
Books . . . for Iowa, Ohio, McBride, Oklahoma, Chicago, 
and also Cheronis & Entrikin’s Organic. 


WILKENS ANDERSON CO. 


CHICAGO 51 ILLINOIS 


TO MEET TODAY’S 
URGENT NEED FOR 
A FUNCTIONALLY PERFECT 


SEMI-MICRO BALANCE 


(with vinylite cover) 
7 EXCLUSIVE “ABC”? DEVELOPMENTS 


1. Aluminum Case, Smooth Finished 
2. Superior Beam Construction 
3. Chain, Notch Beam, 0.110 G. Range W 
4. Stirrup Construction (Pat. Pend.) 
5. Stirrup Arrestment (Pat. Pend.) \/ 
6. Ball Bearing Arrestment (Pat. Pend.) 
7. Inverted Arrestment Contact Points. | 
and these extra features "4 
1. Arc movement Arrestment y; 
2. Capacity 50 Grams 
3. Sensitivity 1/100 Mg. for Full Load 
4. Rapid Weighing 
5. Black Glass Base Plate NY 
6. Side Opening Doors 
7. Bows & Pans of Stainless Steel lV 
8. Hardened Point on Indicator 
9. bad ndent Pan Arrest 
10. uilibrium Adjustor 
Viable Magnetic Damper 
12. “Arch Relief” Knife-Edges y, 
13. Chrome Plate 
PRICE LIST OTHER SM TYPES 
SM-10 Chain Wheel.. 
SM-101 Chain Wheel and Notch $515 
SM-1012 Chain Wheel, Notch Beam and Mag- 


“A. B.C.” analytical & semi-micro balances are available from 
your dealer. 


AMERICAN BALANCE CORP. 


408 POTTER AVE., NEW ROCHELLE, N. Y 
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Available in a choice of porosities 
for filtering all types of precipitates 
from gelatinous ferric hydroxide to 
metastannic acid, WHATMAN Ashless 


Filter Papers meet the requirements 
of all gravimetric analyses. 


Whether you are determining silica 
in pig iron, sulfur in cement, in fact 
whenever you must burn the filter 
paper and weigh the precipitate, 
there is a grade of WHATMAN Filter 
Paper that will speed your work and 
help assure the accuracy of your 
analysis. 


You are doubtless using these 
papers at present but if you are not 
sure whether the grades you now 
employ are the best for your work 
why not write us today for samples. 


H. REEVE ANGEL & CO., INC. 


52 Duane St. New York 7, N. Y. 
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PYREX BEAKER 
with Handle 


This new ‘‘Beaker’’ made of Pyrex 
Brand Glass is available only in 
3000 ml. capacity. 


The glass handle is attached with a 
stainless steel band which also acts 
as a protective collar. Handles and 
bands may be used interchangeably 
and are easily removed. 


Catalog No. 1010 Beaker with 
handle 


Catalog No. 1010A Beaker only— 
replacement 


ratus and Chemicals for 
Industry and Science 


320 MARKET STREET - PATERSON 3,N_J.- SHERWOOD 2 


r 
Ashless Filter Papers 
V 4 if | 
Hid! 
| 
| | 
U | 
If | 
| 
|| | 
| If | | 
| | 
U | 
Vv V | 
| | 
| 
| Each $ 3.75 
Case of 10... 33.75 | 
| 
| 
$415 | 
|| || Fach... ... $2.65 | 
| 
Order a case today | 
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Don’t throw away 
contaminated mercury... 


PURIFY IT IN YOUR OWN LABORATORY 


The No. 35080 mercury oxifier is a motor driven apparatus for 
purifying contaminated mercury in batches up to 25 pounds. 
Operation of this apparatus is simple. The mercury is poured 
through a funnel, on the top of the unit, down into the glass 
barrel of the apparatus, and the motor is started. For mer- 
cury with an ordinary degree of contamination no further at- 
tention is required until completing the operation, usually two 
hours. Base metal impurities are removed by oxidation. 
After an hour or so a black powder begins to form on the sur- 
face of the mercury. Then the mercury should be filtered, 
using the No. 35085 filter, which will remove the black powder 
(contamination) from the mercury. The filter removes dirt, 
oxide dust, oil, water and acid. Although called a filter, 
this unit actually performs a method of decanting. 


MERCURY OXIFIER, 25-Pound Capacity. 


Complete with 115 volt, 60 cycle motor and V-belt 
drive as illustrated. 


MERCURY FILTER, 25-Pound Capacity. 
Complete as illustrated. 


AN Y INTC. 
N Pat (No, 35095. $15.00) 
76 Varick Street Dept. BF New York 13, N, 
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icators 
GLASS COLOR 
STAN DARDS The familiar C & B trademark is your assurance 


that the product carrying this mark 


_ Hellige Glass Color (1) has been manufactured to meet the standards 
Standerds are safely and specifications stated upon the label 
was able plastic frames. (2) has passed our specifications prior to packaging 
zi They are more and has been rechecked after packaging 
- convenient and eco- 
nomical. They never (3) is backed by an organization which, for over 
fade or change, thirty years, has had as its primary aim the produc- 
( THEY NEVER FAIL. tion of Laboratory Reagents of the highest purity. 
istri by Labo: id 
Write for NEW Comparator Catalog No. 600-10 the 


| Write for copy of our catalog 
beg E L i G THE COLEMAN & BELL CO., Inc., 
Manufacturing Chemists : Norwood, Ohio, U.S.A. 
INCORPORATED 


3718 NORTHERN BLVD., LONG ISLAND CITY 1, N.Y. 
HEADQUARTERS FOR COLORIMETRIC APPARATUS 


make h 
Write for 
ter Catal 


For the | 
est qualit 
sterile w 
free, aut 
For disti! 
sistency . 
Since 18 
tory and 
Stills hz 
standard 
Industria 


| 
> 
| 
35085 
NY 
Ws N \ 
| 
| 
| 
| 
| 
| 
| 
| 
36 6 
, 
JOURNAL OF CHEMICAL EDU 
CATION, APRIL, 


Manuracrurtne 
and Processing costs are high 
and getting higher. But by us- 
ing Distilled or Demineralized 
Water, or both, you can in- 
mase production, decrease re- 
jects, lower manufacturing 
costs, and provide uniform 
product and process contro] at 
all times. 

But Pure Water requirements 
difer in every industry .\. . 
and in most processes, for that 
matter. And since Barnstead 
makes both . . . Water Stills 
for Distilled Water and De- 
mineralizers for demineralized 
water, you can be sure of the 
correct solution to your Pure 
N, Y Water problems by having a 
Barnstead Pure Water engineer 
make his recommendations. 
Write for Barnstead Pure Wa- 
ter Catalog #123. 


00 IT WITH PURE WATER 


< © Barnstead Demineralizers 

pce produce mineral-free water 

i of far higher purity at lower 

cost with a minimum of main- 

tenance. Whether you need 5 
gallons an hour or 1000. . 

you'll find there’s a Barnstead 

Demineralizer to fit your re- 

quirements and save you money. 


Immediate delivery on n most models, 


For the production of high- 


e 
quality, chemically pure, 
is sterile water . . . For trouble- 
free, automatic operation 
For’ distillate of unvarying con- 
g sistency. . . Look to Barnstead. 


Since 1878, Barnstead Labora- 
. tory and Industrial Pure Water 
T Stills have been the proven 
standard of the Scientific and 
Industrial World. 


FIRST IN 
rune waren Barnstead 
SINCE 1878 SLD & sreaiizen ce. 


65 Lanesville Terrace, Forest Hills, Boston 31, Mass. 


HOT PLATES 


THERMOSTATICALLY 
CONTROLLED 


© Wide Temperature Range 100-550° F. 
® Close Temperature Differential +5%. 
© Fully Automatic—Adjustable Temperature Dial. 
© Current Saving Temperature Controls. 


Hydraulic Thermostat Control, Adjustable Tempera- 
ture Dial, A.C. Made of steel with highly polished 
heating surface. The round legs have adjustable ball 
feet, permitting the plate to be leveled accurately. 


_ heating units are spaced to assure even heat 
over the entire plate surface. The heating units are 
a covered with a metal pan lined with heavy 
insulation. The thermostat is equipped with a built-in 
“on-off” double pole switch and Neon pilot light. 


Supplied complete with cord and plug. 


Cat. Size Volts Maximum 

No. Inches A.C. Watts Each 
42-772 6x12 115 800 40.25 
42-774 6x12 230 800 40.25 
42-776 9x12 115 1200 47.15 
42-778 9x12 230 1200 47.15 
42-782 9x15 115 1500 55.50 
42-784 9x15 230 1500 55.50 
42-786 12x18 115 2400 68.15 
42-788 12x18 230 2400 68.15 
42-792 4x24 115 1100 46.05 


42-794 4x24 230 1100 46.05 


Also available for direct current. 


SPECIAL GLASSWARE 
We also maintain a modern glassblowing 
department for special scientific and tech- 
nical glass a a made to specifica- 
tions and drawings. We invite your 
inquiries and will gladly furnish estimates 
upon request. 


ESTABLISHED 1897 


mans” E. MACHLETT & SON 


Laboratory APPARATUS SUPPLIES + CHEMICALS 
220 East 23rd Street‘ New Yor« 10,N.Y. 
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ANTAGES oF 


eat C 1850°F. 


WITH THESE LOW COST 
TEMCO ELECTRIC FURNACES 


Economical to own and oper- 
ate, TEMCO models RCE 
(illustrated) and GTP are ideal 
“utility” units for the labora- 
tory, shop or plant. Exception- 
ally handy for general lab work, 
production control and heat 
treating. Both models have 
built-in TEMCOMETER step- 
less control which is unaffected 


ELECTRON MULTIPLIER 
PHOTOMETER 


Enables critical measurements which generally 
cannot be accomplished with ordinary photom- 
eters. 


by line voltage fluctuations and 
lets you select and hold any 
temperature from 350° to max- 
imum .. . indicating-type py- 
rometer in F.and C. 
scales . . embedded heating 
h .+. cast aluminum body 
... special i i Ch dimensions: Model RCE — 
4%” W., 4%” H., 6” D.; Model GTP — 4” W., 3%” H., 3%” D. 


Designed for measurements at very low light 
levels. The detecting unit is comprised of a pho- 
tomultiplier tube of exceptionally high amplifica- 
tion and regional response. The control unit 
consists of a stable battery power supply enabling 
a wide range of sensitivity selection, linear re- 
sponse and dark current balance. Arranged for 
easy attachment to various instruments. 


$67.50 | BULLETIN 4804 
| ON REQUEST 


Prices Model RCE Complete 
For 115V. AC 
or 230V. AC 


Prices Model GTP Complete 
For 115V. AC 


$85.00 or 230V. AC 


Write for data and dealer's name PRECISION OPTICS, ELECTRONIC 


AND SCIENTIFIC INSTRUMENTS 


FARRAND OPTICAL CO., in. 


BRONX BLVD. and EAST 238th STREET - NEW YORK 


THERMO ELECTRIC MANUFACTURING CO. | 


471 Huff St., Dubuque, lowa. | 


Improved 


ZIMMERLI GAUGE 


Accurate readings to within 0.1 mm. can be made with this Zimmerli 
Gauge which has a range of 0 to 100 mm. Easily and rapidly filled, it 
eliminates the necessity of boiling the mercury in order to remove air. 
It’s always in working condition because any air which may have entered 
the reference limb is quickly removed. And a sudden release of vacuum 
will not break or harm the gauge. 


This patented gauge uses special size indicating and reference limbs, 
resulting in these “plus” advantages: it frees the meniscus from the 
forces of capillary attraction . . . improves visibility . . . and results in 
negligible error. 


Ask us to send you Bulletin CE-251—just off the press! It not only 
furnishes complete information on this Precision Model, but on the Utility 
Model, too. 


Precision 


Model 


No. SGA J-4121 Precision Model . . . $37.50 


No. SGA J-4131 Utility Model .... 15.50 Py 


SCIENTIFIC GLASS 


LABORATORY APPAHATUS ~ INSTRUMENTS ~ CHEMICALS - GLASSWARE 
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Priority Rating for College and 


In a recent announcement, Kenneth 
Andersen, executive vice-president of the 
Scientific Apparatus Makers Association 
advised scientific laboratories of all types 
throughout the country to help avert a 
threatened shortage of laboratory instru- 
ments, apparatus, and supplies by making 
full use of Nationa] Production Authority 
Regulation 4 issued February 27, 1951. 

Mr. Andersen urged purchasing agents 
of educational institutions, hospitals, re- 
varch organizations, industrial research 
and control laboratories, and all others who 
purchase such supplies to obtain a copy of 
the regulation and to make use of its pro- 
visions when ordering maintenance, re- 
pair, and operating (MRO) supplies. 

The order permits all institutions and 
businesses to purchase MRO supplies with 
apriority rating (DO-97) which ‘‘is on an 
equal basis with all other DO ratings” for 
the purchase of military supplies and 


195) 


equipment. 
Apparatus and supply distributors need 


these DO ratings from their customers to 
pass along to the manufacturers who must 
have them to obtain critical raw materials 
and components. 

Mr. Andersen pointed out that so many 
businesses are now authorized to use DO 
priorities under the new regulation that 
orders not so designated probably will be 
subject to all manner of delays. 

Copies of the order can be obtained 
from the NPA in Washington and from the 
various field offices of the Department of 
Commerce. 

The order also permits purchase with the 
DO priority rating of minor capital equip- 
ment items with a maximum value of 
$750 each. 


Permafil 


A material which remains liquid as 
long as a stream of air bubbles through 
it, but which hardens in a few minutes 
when away from air, has been developed 
in the chemistry divisions of the General 
Electric Research Laboratory. 

This new substance, called “Anaerobic 
permafil,”’ is the latest in a series of 
related compounds, permafils, originally 
called “Solventless varnishes.” It is 
sid to be able to penetrate extremely 
small cracks before hardening. Thus, a 
Pssible application is a tight seal for 
stopping nearly invisible leaks. 

inary varnishes contain some solid 
resin dissolved in a liquid solvent. They 
ate difficult to use in some applications, 
& 9. between pieces of metal placed 


closely together. The solvent nearest 
the air evaporates, leaving a skin of 
varnish which seals in the remaining liquid 
so that it cannot escape. Permafils, on 
the other hand, are compounds in which 
the liquid polymerizes and hardens fully 
without the necessity of any evaporation. 


Hydrofluoric Acid Container 


A new shelf bottle for hydrofluoric acid, 
which is said to do away with most of the 
hazards associated with handling this 
highly corrosive acid, is the product of 
J. T. Baker Chemical Co., Phillipsburg, 
New Jersey. 

Made entirely of inert polyethylene, 
it is constructed with a pouring tube and 
“drain-back” channel designed to prevent 
hand injuries due to acid dripping down 
the outside of the bottle. The con- 
struction of this pouring tube also permits 
drop-by-drop or slow-trickle dispensing 
in an even, measured flow. 


Manometer Bulletin 


Scientific Glass Apparatus Co. Inc., 
Bloomfield, New Jersey, has just issued a 
new four-page bulletin (Z-251) on their 


By any standard of com- 
parison Tygon flexible-plastic 
Laboratory Tubing stands 


head and shoulders above the crowd. It is clear, for solution 
visibility; flexible, for ease in handling; tough for extra long life. 
It is chemically inert, and non-toxic. And available in a range of 
sizes to meet every laboratory need. 


In performance records made .. . 
technicians everywhere . . 


in opinions of laboratory 


. it is tops. 


AT YOUR LABORATORY SUPPLY DEALER OR WRITE 


THE U. S. STONEWARE CO. °¢ 


AKRON 9, OHIO 
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Oxide 


: We are now manufacturing 

Nitric Oxide in our East Ruther- 

| ford, N. J. plant. This gas was 

i added to our line at the insistent 

request of many research lab- 

: oratories. Our Nitric Oxide has 

‘ a purity of 98.7% and is available 

| in four different sizes,of cylinders 
} 


at a pressure of 480 pounds per 
square inch. 


Ample stocks are carried at both 
our East Rutherford, N. J. and 
Joliet, Ill. plants. 


Pure 


Oreanic 
Chemicals 


Over 2500 organic chemicals stocked 
for immediate delivery.- Included are 
all the building blocks needed by the 
chemist in industry, the research labo- 
ratory or the university. 


The purity of each Matheson organic 
chemical is guaranteed by our strict 
laboratory controls. 


If you do not have our Price List No. 9 
in your files write for a free copy. 


THE MATHESON CO., INC. 


EAST RUTHERFORD N J JOLIET. ILL. 


ELECTRONICALLY REGULATED 


MODERATELY 


PRICED 


e@ INPUT: 105 to 125 VAC, 50-60 cy 

@ OUTPUT #1: 200 to 325 Volts DC at 
100 ma regulated 

e@ OUTPUT #2: 6.3 Volts AC CT at 3A 
unregulated 

e RIPPLE OUTPUT: Less than 10 milli- 
volts rms 

For complete information write for Bulletin H-8 


MODEL 28 
STANDARD 
RACK 
MOUNTING 


PANEL SIZE 
5/4" x 19% 

WEIGHT 16 LBS. 


ELECTRONICS 


CORONA NEW York 


COoORS MIcRO WARE... 


has been developed to keep 
pace with the advances made 


in micro chemistry. 

FINEST MATERIALS CLOSE CONTROL 
MODERN METHODS OF MANUFACTURE ¢ 
SKILLED ARTISANS — insure highest quality 
porcelain ware. 
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improved Zimmerli Gauge, a patented 
manometer for precise vacuum or differen- 
tial pressure readings which now features 
two side outlets instead of one. 

The bulletin illustrates and describes 
two models—the “Precision” which has a 
range of 0 to 100 mm. in 0.1 mm., and the 
“Utility” with a range of 0 to 100 mm. in 
10 mm. Five diagrams are pictured, 
along with easy-to-follow instructions on 
how to fill and operate the gauge. 

According to the manufacturer, the 
Jimmerli Gauge eliminates the necessity of 
boiling the mercury in order to remove 
air, Another claimed feature is the special- 
size indicating and reference limbs. 

Copies of Bulletin Z-251 are available 
from Scientific Glass Apparatus Co. Inc., 
120 Lakewood Terrace, Bloomfield, N. J. 


New Chemical Catalog 


A new catalog, “Apparatus, Chemicals 
and Reagents for Colorimetric and Spectro- 
photometric Chemistry,” has just been 
published by Standard Scientific Supply 
Corp., 34 West 4th Street, New York 12, 

The catalog contains 168 pages divided 
into eight sections. Section I is a complete 
alphabetical listing of reagents for colori- 
metric and spectrophotometric chemistry. 
Section II is made up of an alphabetical 
listing of chemicals as used in tests outlined 
in Manual of Standardized Procedures for 
Spectrophotometric Chemistry by Harold J. 
Fister. Section III lists reagents accord- 
ing to the procedures in Fister’s Manual. 
Section IV is a listing of apparatus for use 
with clinical methods outlined in Fister’s 
Manual. Section V is devoted to calibrat- 
ing standards and reference buffers. Sec- 
tion VI covers reagents and staining solu- 
tions; Section VII, biological dyes and 
Section VIII, culture media. 

Copies of this catalog are available free 
if requested on your official letterhead. 


Outline of Chemical History 


An unusual outline of the history of 
chemistry, which is expected to have 
permanent value for practicing chemists, 
students, and teachers, can be obtained 
from the Mallinckrodt Chemical Works, 
St. Louis 7, Missouri. 

The outline, which is in the form of a 
flow sheet, consists of two charts printed 
side by side on a sheet of paper measuring 
35 X 35.5 in. The first chart opens with 
the remote beginnings of chemical science, 
moves into medieval alchemy, the chemis- 
try of combustion, pneumatic chemistry, 
beginnings of organic and_ biological 


j chemistry, etc., and ends with the work 


of Lavoisier. The second chart continues 
the story through the beginning of the 
era of synthetic organic chemistry, the 
discovery of the elements, the modern 
concept of valence and molecular struc- 
ture, etc., ending in 1950 with the elements 
berkelium and californium. 

The entries are arranged chrono- 
logically, with interconnecting lines to 
indicate relationships between men, 
theories, laws, and discoveries. The 
chart also includes an index of names, 
with birth and death dates. 


Famous Names in Chemical History 


as a contribution to scientific education, 
the series includes the following titles: 
Joseph Priestly, Antoine Lavoisier, Henry 
Cavendish, Louis Pasteur, John Dalton and 
Father Nieuwwland. 

Any of the above titles may be obtained 
free of charge, by writing Corning Glass 
Works, Corning, New York. 


“Science and Tomorrow”’ 

A special issue of the Journal of the 
Franklin Institute, celebrating its 125th 
anniversary, has recently appeared. It 
features a symposium of 15 papers en- 
titled “Science and Tomorrow,” in which 
leading authorities discuss possible and 
probable developments in the various 
fields of science. Copies of this issue 
are available from the Franklin Institute, 
Philadelphia 3, Pennsylvania. 


Frederick Banting, co-developer of the 
insulin treatment for diabetes, is the new- 
est subject of Corning Glass Works’ book- 
let series Famous Names In Chemical 
History. 

The Banting booklet traces the life of 
the famed orthopedist from his birth in a 
small Canadian town through his collabo- 
ration at Toronto University with Dr. 
Charles H. Best in the discovery of insulin 
in 1921. Dr. Banting died in a bomber 
crash during World War II while on a 
medical mission to England. The booklet 
is illustrated with photographs from the 
files of the University of Toronto. 

Published by the Laboratory and 
Pharmaceutical Sales Department of the 
company’s Technical Products Division, 


NEW SAFETY-DESIGN 
FUME HOOD for handling 


Radioactive Isotopes 
Design approved for use by Oak Ridge Institute of Nuclear Studies 


e Air foils at hood face allow air to enter without turbulences. 


© Low Velocity . .. operates with less than half the CFM of air needed on 
a conventional type hood. 

e Air current directed across working surfaces removes heavy gases. 

e Entire interior of hood is stainless steel for easy decontamination. 

@ Steel grating supports working surface, giving load carrying capacity up 
to 400 Ibs. per sq. ft. ; 

© Equipped with blower switch, warning light, and “over load” warning bell. 

e All service controls outside—no reaching in. * 

@ Outside measurements: Height 9 ft.; width 6 ft.; depth 3 ft. 6 in. Five inch 
Stainless Steel Sink welded into top. 


Precision built by Kewaunee Mfg. Co., one of America’s oldest and 


largest makers of fine Laboratory Equipment, including all types 
of Stainless Steel Equipment for joactive Laboratories. 
We also manufacture Laboratory Tables, 
Sinks, etc., for all types of Laboratories 
Representatives in Principal Cities 


C. G. Campbell, President 
5014 SOUTH CENTER STREET © ADRIAN, MICHIGAN | 
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GOOD TECHNICIANS 
IN your LABORATORY 


“MULTIPLE UNIT” 
TEMPERING FURNACE 


For Temperatures to 1250° F. 


A high speed centrifugal fan 
located in the rear of the 
heating chamber supplies 
rapid and uniform heat- 
ing. Shelves and baffle 
are easily removed. 
Write for Builetin 

LAB- 1049. 


“MULTIPLE UNIT" 
MUFFLE FURNACE 


For Temperatures to 1850° F. 
For drying precipitates, 
ash determinations, fu- 
sions, ignitions, heating 
metals and alloys, enamel- 
ing, heat treating, and 
experimental test 
work. Available in 
four standard sizes. 
Write for Bulletin 
LAB-849, 


HEVI DUTY 
“G-05-PT” FURNACE 


For Temperatures 
to 2600° F. 


Designed for operation 
at high temperature with 
or without a protective 
atmosphere. Heating ele- 
ments are silicon carbide 
rods extending across the 
chamber, above and be- 
low the refractory muffle. 
Write for Bulletin 

LAB- 250. 


HEVI DUTY ELECTRIC COMPANY 


TRAOE MARE 
LABORATORY FURNACES MULTIPLE UNIT ELECTRIC EXCLUSIVELY 


PAT. OFF. 


MILWAUKEE 1, WISCONSIN 


How your dollars The 


STRIKE 


through 


IMPROVED 
SERVICES 


that save lives 


Your contribution to the 
American Cancer Society 
stimulates detection programs 
and the development of better 
diagnostic and treatment fa- 
cilities. Bringing service di- 
rectly into the home, thousands 
of the Society's volunteers 
furnish bandages, equipment, 
social services and transporta- ff fer those 
tion, and lend a helping hand § into intin 
in many other ways. Your con- §] great pec 
tribution also supports Re- ff tnd origi 
search and Education. , enc 


AMERICAN Me Scie 


Mail to 
“CANCER” in care 
your local post office 1000 h 
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lhe Bowen Laboratory Spray Dryer 


---MEETS ALL REQUIREMENTS FOR: 


K SMALL LOT PRODUCTION OF VALUABLE MATERIALS 
AND LABORATORY nce, AND DEVELOPMENT 


1. EASY TO CLEAN — Hinged 
chamber can be opened for washing 
or brushing. All ducts are flanged and 
fastened by quick-opening wing nuts 
to make cleaning easy. 


2. SIMPLE TO OPERATE — Engi- 
neered for ease of operation—air tem- 
peratures are controlled automatically. 
Requires space of only 3’x 6’. 


OBSERVATION 
OF PRODUCT 
FORMATION 


Two viewing ports 
are provided — one 
at atomizing level, 
the other near cham- 
ber floor. 


Hinged Chamber open for cleaning 3 
The Table Model is “scaled-down” 
fom Bowen commercial spray dy. ENGINEERING, INC, 
és. The unit can be used for actual NORTH BRANCH 11 
small lot production or tor test NEW JERSEY 


work where data obtained is used 
for design of production units. 


Sine 1926 Recognized Leader in Spray Dryer Engineering 


The 


Chemical 
Arts of 
Old China 


Li Ch’iao-P’ing 
‘Indispensable, not only for 


nds By chemists, but also for students 
A leasure house of civilization, economics, and 


ent, of the arts of Asia, for curators 
rta- lor those who take pleasure in comin of museums, and merchants 
and into intimate —< with the lives of who handle Chine se goods.... 
On- § seat people . . . a wealth of pictures A truly attractive volume for 
Re- tnd original material ... It stimu- all people of culture.’’—Cien- 
, encourages and leads its readers cia e Investigacién, Buenos 

onto a more careful study of science." Aires 


The Science Teacher. 


(Outside U.S.A. $5.50) $5.00 
578 pages 300 illus. $4.00 


Order from 
rc Chemical Education Publications CHEMICAL EDUCATION 
» § 2000 Northampton Street PUBLICATIONS 

— ffiston, Pennsylvania Easton, Pennsylvania 
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What Do You Need in 
LABORATORY 
EQUIPMENT? 


Whether you are equip- 
ping new laboratories or 
replacing equipment in ex- 
isting ones it will pay you 
to investigate KNIGHT- 
WARE. 


KNIGHT-WARE is a 
quality ceramic com- 
pounded of specially se- 
lected and processed clays. 
It is physically tough and 
corrosion proof clear 
through. Special shapes 
may be made to order at 
relatively low cost. Some 
KNIGHT-WARE _installa- 
tions have been in daily use 
for over 40 years. 


KNIGHT-WARE 
Equipment includes: 


Sinks 
Table Troughs 
Drain and Acid Lines 
Fume Ducts 
Tanks 


Berl Saddles 


A completely detailed 
and illustrated, brochure 
will be sent you on re- 
quest, ask for bulletin 
No. 5Y — KNIGHT- 
WARE. Please specify in 
your letter type of equip- 
ment in which you are 
interested. 


MAURICE A. KNIGHT 
204 Kelly Ave., Akron 9, Ohio 


(NIGHT- waR| 
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Acenaphthylene; Acetobromoglucose; Acetonedicarboxylic Acid 
a-Acetylindole; 3-Acetylp idine Acetylthiocholine lodide, cle 
Aconiti¢ Acid; Acridine {ydrochloride, Adenosine Diphosphate, 
Adonidine; Alanviglvcine, Ikaloids; Amylase; 
A Arachidic Acid; Arachidonic Acid; 1|-Argininamide; 
tracin; Behenic Acid; Carbo- 
Catalase cryst.; Cellulase, Cerotic Acid; 
jose; lor 
jestero 


Phosphat 

nic Derivatives, i Erucic Acid; 

dl-Ethionine; Ethylenediamine hyl pyridinium 
ide; Fructose-6-Phosphate orbic Acid; Gluco- 

sides; Glucuronides; Glyceralde 

Glycylleucine,; Glycyltry Glycy 

kinase; Hyaluronic ‘oxyacridine; 

Acid 

oso! 


Acid 


ide; B-M 
Methyl-bi 


Nitrosomethy! 


id, 

Reductic 
7 


1;  8-Tocopherol Phosphat 
t ease cryst.; Uridine; Uro- 


ri ine; Tropic Acid; Tyrosinase, 
lie Acid; Vitamin 12. 


Ask us for others! 


DELTA CHEMICAL WORKS 


23 West 60th St. New York 23,N.Y. 
Telephone Plaza 7-6317 
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The Life of 


Ina Remsen 


By Frederick H. Getman 


... a pleasantly written and inter- 
esting biography of a great chemist.”’ 


Remsen’s greatest fame was the discovery of the synthesis 
of saccharin which was the result of the joint work of 
Fahlberg, a German student working with Remsen and of 
Remsen himself. The way in which Fahlberg succeeded 
in concentrating all the fame on himself and in which 
he commercialized this invention is told in detail and it de- 
serves to be told. It was an unpleasant affair that caused 
Remsen much trouble even in quarters where he had not ex- 
pected it, as subsequent difficulties with the editor of the 
Journal of the Society of Chemical Industry proved. 


Remsen’s work as a university president and a public servant 
constitute another example of the vicissitudes of an honest 
scientist in local and national politics and they are well told. 
Seeing the elaborate bibliography of Remsen’s publications 
om to this book we have the feeling, even after the 
pleasant hours spent in reading it, that most has not been 
made of the evolution of Remsen’s practical and theoretical 
work as seen against the background of American organic 
chemistry of those days. Should anyone later attempt to 
write this more elaborate biography he will surely find this 


book a handy collection of facts to start from. % 


R. J. Forbes, COMPTE RENDUS CRITIQUE 
Order your copy today. $3. posTPAID 


CHEMICAL EDUCATION 


EASTON, PA. 


“It’s a dog’s life but I love it.” 


THE CHEMIST 
AT WORK = 


John W. Chittum 
and others 


Fully seventy-five per cent of the “voca- 
tional problem” involves choice of work 
that one can enjoy doing. 


Although much has been written about 
chemistry’s role in modern life, there is 
almost nothing available about what the 
chemist himself actually does and how he 
does it. To fill this gap, fifty-three prac- 
ticing chemists—selected to represent as 
many different degrees of attainment as 
possible—were asked to describe brief 
the general nature of the activities in whi 
they are engaged, and the particular duties 
which they perform. 


Some of these chemists have spent a life- 
time in the profession; others have been 
graduated from college only a few years. 
The comprehensive picture which they 
present in this book shows the duties, 
problems, and daily routine in a great 
variety of chemical fields; it depicts the 
tedious drudgery as well as the pleasant 
and stimulating features. Salaries and op- 

ortunities for advancement are also shown 
in this cross-section of working conditions 
within the profession. 


A book that can add sparkle to your teaching. It 
brings information of such great value to your students 
that it could well be required reading. ... Authentic, 
factual accounts of the work of chemists employed in 
as many different fields, written by persons who are 
actually doing the work they describe... in glass, 
metals, sugar, ceramic, canning, petroleum, and 
many other industries. Opportunities for the trained 
chemist in education, research, invention, in th 
literary field, in government laboratories, and in 
medical technology are discussed. The place of 
women in chemistry is given special attention. This 
book could well be required reading for teachers too. 

—The Science Counselor 


A few hours with this book give a broader outlook 
on the whole profession. ... Each author is qualified 
by experience and training to relate the various 
activities connected with his work. ... Probably the 
best use to which it will be put is the guidance | irls 
and boys who must make their own plans ech 
sions concerning a4 ‘ession. 

—Chemical and Metallurgical Engineering 

THE CHEMIST AT WORK should be in every 

school library for more complete and _ helpful 
vocational counseling. 

Illustrated, 354 pages $3.00 

CHEMICAL EDUCATION PUBLICATIONS 


Easton, Pennsylvania 
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STANDARD COLLEGE TEXTS 


SMITH’S INTRODUCTORY COLLEGE 
CHEMISTRY, Third Edition $4.50 

and 
SMITH’S COLLEGE CHEMISTRY 


Sixth Edition $5.00 
By William F. Ebret 


Revisions of both these popular texts have 
brought them in line with the latest de- 
velopments in the field. Each covers the 
subjects regularly studied in beginning 
courses. However, the coverage in Smith's 
Introductory College Chemistry, is shorter, and 
more compact than the very complete 
Smith's College Chemistry, and is better 
suited to briefer courses. 


PROPERTIES AND NUMERICAL 

RELATIONSHIPS OF THE COMMON 

ELEMENTS AND COMPOUNDS $3.00 
and 

EXPERIMENTS AND PROBLEMS 


FOR COLLEGE CHEMISTRY $2.50 
By J. E. Belcher and J. C. Colbert 


The FOURTH EDITIONS of these well- 
known laboratory manuals include detailed 
directions for the experiments, discussions 
of principles, definitions, methods of solv- 
ing problems, and problems based on the 
experiments. The first volume is for a 
year’s work, and the second is for a 
semester's work for courses in first-year 
college chemistry. 


APPLETON-CENTURY-CROFTS, INC. 
35 West 32nd Street New York 1, N. Y. 
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Ammonium Phosphate, Tribasic 


Antimony Oxysulfide, Red 


(Kerme’s Mineral) 


Sodium Dithionate, C.P. 


Na,S.O, 


Also many other rare inorganic chemicals. 


Send for list 


AMEND DRUG & CHEMICAL Co., INC. 


117-119 East 24th Street 


New York 10, N. Y. 


Please mention CHEMICAL EDUCATION when writing to advertisers 45 


idy 
um 
ers 
ork 
out 
is 
the 
he 
ac- 
pe 
as 
ofl 
ich 
ies 
en 
irs. 
Il 
eat 
the t CH a 
rt & 
wo g 
| 
tic, 
fw You 
ind 
the 
in 
"bis 
elor 
look 
fied 
(OMS 
the 
| 
eci- 
img 
ery 
7 
NS 


A NEW aip to CHEMISTRY STUDENTS 


CHEMICAL SYMBOLISM 
AND CALCULATIONS 


By STANLEY W MORSE 
This new workbook will save valuable class time 
—the student may review his preparatory chemis- 
try and increase his ability and speed with sym- 
bolism and calculations The many problems and 
solutions afford much needed practice. 
88 pages text plus 30 pages practice problems, 
8'/2x11, spiral bound. $2.00 


ORDER NATIONAL PRESS 


S &S No. 289 


DRY-DISPERSED, ASH-FREE 


Analytical Filter Pulp for Use in Exact 
Gravimetric Analyses 


Are YOU fully aware of the important 
advantages of this superior filter aid? 


Ask for Bulletin No. 68 and free sample 


CARL SGHLEICHER & SCHUELL CO. 


116 West 14th St. New York 11, N. Y. 


} Use this handy subscription form | 
, 4 
~JOURNAL OF CHEMICAL EDUCATION } 
ton, Pennsylvania 
‘ Please accept my subscription to the JOURNAL OF } 
CHEMICAL EDUCATION for...... years. 
ee: ) Remittance of $...... inclosed. ( )Pleasesend 4 
invoice. 
> One vear $3.00 Two years $5.00 Three years $7.00 { 
‘ On Canadian subscriptions add 50¢ yearly; ; 
, on Foreign add $1.00 , 


ilabl 
reprints avaiable... | Fp 
Following is a list of reprints of articles from the 
JOURNAL OF CHEMICAL EDUCATION in stock at 
the present time. Because supplies are limited, 


please state second choice. 


No. TITLE AND AUTHOR PRICE 
600 A Simple Bridge Balance Indicator for Con- 
ductance Measurements, E. B. Thomas 
and R. J. Nook 10¢ 
601 Unfamiliar Oxidation States and Their Stab- 
ilization, Jacob Kleinberg 
602 Business Organization and Administration in 
the Chemical Industry, F. Curtis 25¢ 
603 The Dynamics of Gas Flow, Worth H. Rode- 
bush 25¢ 
604 The Separation of Inorganic Ions by Paper 
Partition Chromatography, W. Joe Frier- 
son and Mary Jo Ammons 10¢ 
605 Lecture Demonstration Experiments in Or- 
ganic Chemistry, Ray Q. Brewster 25¢ 
606 Sodium Perchlorate and Anhydrous Mag- 
nesium Sulfate: Two Student Prepara- 
tions, Sigfred Peterson 10¢ 
607 Selection and Performance of Students, Fred 
Hazel and H. Sherman Oberly 25¢ 
608 A Simplified Periodic Classification of the 
Elements, K. B. McCutchon 
609 Wolfgang, Pauli, by Emery I. Valko 10¢ 
610 Metallic Soaps, Roy G. Bossert 25¢ 
611 The Rise of Industrial Research and Its 
Management, William A. Hamor 25¢ 
612 The Chemistry and Manufacture of Anti- 
biotic Substances, N. H. Hamilton 25¢ 
Storage Batteries, James E. Cassidy 25¢ 
614 Commercial Development in the Chemical 
Industry, F. J. Curtis 25¢ 
615 Technical Employment in the Chemical In- 
dustries, E. W. Cook 25¢ 
616 The Chemical Revolution—The Second 
Phase, Sidney J. French 25¢ 
617 Photoelectric ‘“Colorimetry” with Inexpen- 
sive Equipment, H. A. Liebhafsky and 
Earl H. Winslow 10¢ 


618 Introducing Paper eye 4 to Bio- 


chemistry Students, A. R. Patton 10¢ 
619 An ny ete Apparatus for Obtaining Boil- 

ing Points of Liquid Mixtures, Lawrence 

P. Eblin 10¢ 
620 Berzelius and Goethe, Dr. Oskar Baudisch 10¢ 
621 Chemical Education in Liberal Arts Colleges, 

193448, J. R. Sampey 10¢ 
622 Element of the Week, Delmar K. Myers 10¢ 
623 Organic Qualitative Analysis at the Graduate 

and Undergraduate Lash, Douglas J. 


Henness 10¢ 
624 A Simplified Laboratory Experiment in 
Gage, C. D. Douglass, and S. H. Wender 25¢ 


625 A Physical-Chemical Approach to Reaction _ 
Kinetics, J. Hirschfelder and C. Boyd 25¢ 
626 First Day with Hercules, Jane F. Gaffney 
and T. Hays 25¢ 
627 Importance of Functional Group Determina- 
tion in Organic Quantitative Analysis, 
Sidney Siggia 25¢ 
628 Precipitation of Group II in Qualitative 
Analysis, John R. Long 10¢ 
629 The Training of Analytical Chemists for In- 
dustrial Research, J. Stillman 25¢ 
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Journal of Chemical Education, Easton, Pennsylvania __ 
For the enclosed remittance please send me the following re- | 
prints, carrying charges prepaid: 
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NEW 


the 
Now... the famous Eimac high-vacuum 
pump type HV-1 is available for 
| unrestricted uses 
This high speed oil-diffusion type 
10¢ pumpwa igned by Eitel-McCullough 
; to meet the most exacting of produc- 
25¢ tion-line requirements...the evacuating 
of radio transmitting tubes. It is now 
254 available in any quantity 
of the field of endeavor... whether 
25¢ nuclear science, research, or material 
processing. Consider these outstanding 
features: i 
10¢ Ultimate Vacuum 4x 10-7 mm Hg. 
25¢ * Speeds up to 67 Liters/Second 
* Clear Glass Pump Barrel 
No Liquid Cooling 
10¢ “4 No Charcoal Traps 
25¢ * No Mechanical Wear 
* Maintenance without Special 
25¢ Tools or Skill 
10¢ 


Simple Pipe Flange Vac-System 


25¢ Connection 
HV-1 
25¢ Complete data sent on request. 


EITEL-McCULLOUGH, INC. 


e4 2257 SAN MATEO AVENUE + SAN BRUNO, CALIFORNIA 


Tes an E&D FILTER PAPER 
fon most filtration probleme 


wif of SCIENCE oz INDUSTRY 


E&D ricter paper is AVAILABLE 
IN THE SIZE, SHAPE AND DEGREE OF 
FINENESS YOU DESIRE. OUR CHEMISTS 
WILL GLADLY CONSULT WITH YOU IN 
SELECTING THE PROPER FILTER PAPER 
FOR ANY SPECIAL PROJECT. 


yey THROUGH YOUR REGULAR DEALER 


@ IN FILTRATION EQUIPMENT 
© IN PAPER SPECIALTIES 


OR WRITE DIRECT FOR FURTHER INFORMATION 


ERTON-DIKEMAN Co 


‘Mt. Holly Springs. -Pennsylvania 


L, 1961 lease mention CHEMICAL EDUCATION when writing to advertisers 


Photometers 


Klett-Summerson 


Designed for the 
rapid and accurate 
determination of 
thiamin, riboflavin, and other substances which 
fluoresce in solution. The sensitivity and sta- 
bility are such that it has been found particu- 
larly useful in determining very small amounts 
of these substances. 


KLETT SCIENTIFIC PRODUCTS 


ELECTROPHORESIS APPARATUS e BIO-COLORIMETERS 
GLASS ABSORPTION CELLS e COLORIMETER NEPHELOM- 
ETERS e GLASS STANDARDS e KLETT REAGENTS 


Klett Manufacturing Co. 


179 EAST 87TH STREET, NEW YORK, N.Y. 


Glass Cell 
Colorimeter 
= 
4 
No. 2070 
25¢ A i 
AY | 
4, 
25¢ at e 
10¢ 
25¢ / 
AW 
| 
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= WHAT’S NEW 
= in the Second Edition 3 
POLAROGRAPHIC METHOD OF ANALYS|s 


By OTTO H. MULLER, Associate Professor, State University , 
New York, Medical Center at Syracuse University, Syracuse, N,) 


In revising ‘‘Polarographic Method of Analysis,’’ the author added 

much new material making the second edition virtually a new book. aa 
It has been completely reset, revised and enlarged to 209 pages. Fol- 

lowing is a list of some of the new material added to this edition: 


mode 
CHAPTER I Discussion of polarization, depolarizers, and sign of electrode potenttals. 
CHAPTER II Time saving apparatus and recording instruments and their wiring circuits. 
CHAPTER III ‘The analytical application of maximum suppression. 
Exaltation of current in absence of supporting electrolyte. 
Kinetic current and three possible ways in which it may be produced. 
Catalytic current and recent developments in this field. 
CHAPTER IV ___ Electrode deposition of metals from complex metal ions. Reaction of An 


organic compounds in unbuffered solutions and demonstration of buffer 
action. In this a suggestion is made about using the method of buffer 
action as a method of the quantitative analysis of non-electroactive sub- 
stance. Influence of temperature and solvent on the half wave potential. 
Reduction of hydrogen ions at the dropping mercury electrode. 


CHAPTER V Polarometry is now treated as a separate chapter and has been extended. 


CHAPTER VI _ is completely new. It treats such recent developments as differential 
polarography, derivative polarography and oscillographic polarography. 
Also in this chapter are discussed newer developments in electrodes which 
are used for polarographic analysis, such as the multiple dropping mercury 
electrode, the knock-off electrode, and the streaming mercury electrode 
and various forms of platinum electrodes, such as the stationary and 
rotating platinum electrodes, and the by-pass electrode. 


CHAPTER VII _ is the old chapter 5, to which have been added method of standard addi- 
tion, method of step quotients, pilot ions, and their use, the electrolysis 
prior to polarographic analysis, the anomojous wave and the protein index. 


CHAPTER VIII In this chapter are discussed the various factors which may cause irregu- 
larities in polarographic curves. Also given is the information which 
makes it possible to characterize any given electrode and to select a capil- 

. lary for a dropping mercury electrode with a desirable drop time and 
drop weight. 


An appendiz has been added in which are given the potentials of reference electrodes as well 


as a list of useful buffers for polarographic analysis. Finally, an inder has been added which 
should make the book much more valuable than its predecessor. 


209 pp illustrated $3.3 
Order your copy today from 


CHEMICAL EDUCATION PUBLISHING CO. 


ASTON, PENNSYLVANIA 
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Sweeping the Field 


The basic facts 
of chemistry in a readable form 
THE FUNDAMENTALS 
OF COLLEGE CHEMISTRY 


‘SI 


G. Brooks King, of 
sit The State Coll 
se, N, Chemical Engineering, Oregon State College 


A step forward in 

modernizing organic chemistry texts 
ELECTRONIC MECHANISMS 
OF ORGANIC REACTIONS 


Allan R. Day, Associate Professor of Chemistry 
University of’ Pennsylvania 


Experiments which make 
modest demands for apparatus 


EXPERIMENTS IN 

PHYSICAL CHEMISTRY 
* Otto F. Steinbach, Assistant Professor of Chemistry 
Pe King, Prof. of Chemistry, New York Univ. 


American Book Company 


COLEMAN 


always fresh, always accurate 


CONVENIENT ... fresh dependable buffer at any 
time, Coleman Certified Buffer tablets are available 
from 2.00 pH to 11.80 pH in steps of 0.20 pH... 
each tablet makes 100 ml of buffer. With Coleman 
Buffer tablets you can store a wide range of buffers 
in a fraction of the space required for liquids. 
PRECISE . . . Coleman Buffer tablets are exactly com- 
pounded, tested and packed in sealed vials... Certi- 
fied to produce buffers accurate to 0.02 pH at all times. 
ECONOMICAL . . . low initial cost, and freedom from 
spoilage over periods of time (as with liquids) make 
Coleman Certified Buffer tablets the economical, 
dependable way to use buffers. 


For full details write for Bulletin BB-205 
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“The Versatile Desiccant” 


For Drying 
SOLIDS—LIQUIDS—GASES 


For seventeen years serving the 


INSTITUTIONS—INDUSTRIES 
LABORATORIES—PLANTS 


in the solution of their drying problems 


Efficient — Dries all organic liquids instantly in 
liquid or vapor phase. Gases retain only 
0.005 mg. HO per liter. 


Versatile — An all-purpose desiccant. 


Non-Wetting — Does not become wet on satu- 
ration, nor crystallize to walls of tubes, towers or 
desiccators. 


Neutral — Dries without reacting with either 
acid or alkaline materials. 


Inert — Except toward water. Does not decom- 
pose, polymerize, or catalyze organic sub- 
stances by contact. Insoluble in organic liq- 
uids. 


Regenerative — Repeatedly after any normal 
use, by dehydration at 235 to 250° C. 


Economical — Lowest priced high grade desic- 
cant. Available in quantity for Industrial 
Processes. 


References 
(1) Ind. Eng. Chem. 25-653 (June, 1933) 
(2) Ind. Eng. Chem. 25-1112 (Oct., 1933) 


(3) National Bureau of Standards Journal of Research 
12-241 (Feb. 1934, R.P. No. 649) 


Granule Sizes: 2, 4, 6, 8, 10-20 and minus 20 mesh. 


Write for literature and quotations 


W. A. Hammond Drierite Company 
120 Dayton Avenue, Xenia, Ohio 


x 
4 
COLEMAN 


APPARATUS 
EQUIPMENT 


CHEM ED BUYERS’ GUIDE 


CHEMICALS | 
SERVICES | 


AMINO ACIDS—RESEARCH 


BIOCHEMICALS 
Basic Producers of HYDROXYPROLINE 
PROLINE, ARGININE. 
L- and D- ISOMERS, ETC. 

Write for our Catalogue 
H. M. CHEMICAL CO., LTD. 
144 No. Hayworth Ave., Los Angeles 48, Calif. 


AMINO ACIDS 
L (+) GLUTAMINE 
BIOCHEMICALS 


Mann Fine Chemicals, Inc. 
136 Liberty St., New York 6, N. Y. 


n-Amyl Carbamate 
iso-Butylene Oxide 
Carcinogenic Hydrocarbons 


EDCAN LABORATORIES 
South Norwalk, Connecticut 


SODIUM SHOT 


1-2 mm., under xylene 
Easily measured and handled. 
synthesis and liquids 


PIERCE CHEMICAL COMPANY 
P. O. Box ford, ill. 


VARNITON LABEL VARNISH 


> ARNITON LABEL VARNISH 4 
» V- a For General Label Protection (via 
> Express only) 
V-21B Protection against Con. Acids 
and Con. Alkalis (mailable) 
16 oz. can plus 2 oz. bottle and 


4 
4 
brush dispenser $1.50 f. 0. b. Burbank = 
Purchase from your laboratory dealer 4 
MPANY q 

4 


Vv. 
416 N. Varney St. 
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> 
> 
> 
> 


*INEXPENSIVE 
*EFFECTIVE 
*PROFITABLE 


That's what they say about 

Chem Ed Buyers’ Guide. 
RATES 

$6.75 per inch 

6 insertions.......... 7.75 per inch 


Less than 6 insertions... 8.75 per inch 


IMMEDIATE 
DELIVERY 
from complete stocks 


Alkaloids 

Natural and Synthetic Amino Acids 
Unnatural Amino Acids 
Biochemicals 
Enzymes and Coenzymes 


Heterocyclic Compounds 

Imines and Amines 
Metalorganics 
Pharmaceuticals 

Purines and Pyrimidines 

Rare Organic Acids and Derivatives 

Reagents 

Sugars and Derivatives 


Vitamins and Derivatives 


US 


17 West 60th St., New York 23, N.Y. 
Plaza 7-8171 


ALUMINUM iso-PROPOXIDE, 
Crystals, Reagent Grade 


Amines and Alcohols 
Unnatural Amino Acids 
Chaulmoogric Acid, Chromyl Chloride, 
Coniine, 2,6-Diaminopurine, Heptadecyl 
Alcohol, Homogentisic Acid, Hydnocarpic 
Acid, Mezcaline, Nonadecyl Aijcohol, 
Orcyl Aldehyde, Syringaldehyde, and 
others. 


pH PAPERS 


Accurate pH Values 
in a few seconds 


Sensitivity 0.05 pH 


Indicator AND control-colors on SAME 
strip. Control-colors in steps of 0.2 pH, 
For buffered and unbuffered solutions 
covering the entire range. 


PAUL FRANK 


118 E. 28th St. New York 16, N, Y, 


ANTHRONE 
NITRANILIC ACID 
ALLOXAN 


3106 W. Lake Street Chicago 12, Illinois 
National Biochemical Company 


Hafnium Cesium Rubidium Niobium 
Metals and Salts 
Your inquiries invited 


Manufactured by 
HUNTINGTON CHEMICAL LABORATORY DE REWAL INTERNATIONAL 
Box 1737 Huntington, W. Va. RARE META \ 
346 N. Orianna St. Philadelphia 6, Penna 
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COLLEGE BLENDER 


B-29790 TUMBLE JAR BLENDER 
Glazed chemical stoneware, 6” |.D. 
8" high, rubber gasketed lid for wet 
ordry mixing. Cadmium plated clamp 
and base. Over all height 13”, hand 
operated, without grinding balls. 


$19.50 
BODE 


SCIENTIFIC CO, 


PITTSBURGH 22, PA. 


lew, Revised — — $8.7! 


FUNDAMENTAL ORGANIC 
New, Revised — $4.50 


University Lithoprinters, 
Ypsilanti, Michigan 


LABORATORY 


INSTRUMENTS 


Chemical, biological, physical, 
dinical, research, engineering, 
quality control, etc. 


MATERIALS TESTING 
EQUIPMENT 


* 


HIGH-PRESSURE 
APPARATUS 
for pressures to 100,000 psi. 
& temperatures to 2500°F 
(pilot plants, reaction vessels, 
valves and fittings, pumps, com- 
Pressors, instruments, dead- 
weight gages, etc.) 


WRITE FOR 
AMERICAN INSTRUMENT CO., Inc. 


SPRING MARYLAWN 


EQUIPMENT SERVICES 
INDEX OF REFRACTION LIQUIDS BROOKFIELD 
Valuable Aid for Identification of Minerals and ~ 
other Solids by the Immersion Method Synchro-Lectric 
Range 1. of or as VISCOMETER 


selected 
High Senge 1.71-1.83, 0.01 
We List Nd-JCE 
ARGILLE 


«Barclay 7-5454 


118 Liberty Street New York 6, N. Y. 


HAND REFRACTOMETERS 


for Sugar and Soluble Solids Determina- 
tions. Invaluable to Growers, Inspectors, 
Food Packing Plants. Conversion table 
for Refractive Indices is provided for use 


in other measurements. 


A few drops of sample is sufficient | 
Guaranteed — Accurate— 
Two Ranges—Specify which one. 


0-32% by 0.2% Di 
by 0. Di, $69.2 


Send Check—Parcel Post Prepaid 


LABORATORY EQUIPMENT CO. 
526 Folsom St., San Francisco 5, Calif. 


Makes accurate viscosity determinations in 
less than 30 seconds — as simply, quickly, 
easily as taking temperature. 


BROOKFIELD 
Counter-Rotating 


MIXER 


Two concentric, oppositely rotating shafts, | 
up te 48,000 — 


‘cuts: per minute. 
Write for fully d 

H ENGINEERING LABORATORIES, INC. 

218 Porter St., Stoughton, Mass. 


FLEXIBLE PLASTIC TUBING 


TOP QUALITY, MODERATELY PRICED 
Nalge’s Alanol flexible plastic tubing is 
tough, clear and chemically inert. Can be i 
used for corrosive chemicals, alcohol, food 
products, beverages and oils. Sterilizable 
with steam, it is made of a Vinyl Chloride 
Compound and stocked in 37 sizes from .120 
to 1 inch i.d., 170 to 1% inches o.d. Tem- 
perature range is minus 35 to plus 190 de- 
grees F, 

Ask us for prices and quantity discounts, 
they will show large savings over competi- 
tive products. Samples supplied. 


The NALGE Company 
623 S. Goodman St., Rochester 20, N.Y. 


Stainless Steel 
For Laboratory Glassware 


@ Easy to Apply 
Sizes: Extra Small; Small; Medium; Large; Extra Large and As- 


@ Non-BRusting 


sorted Sizes. 


Leashes and se 


LEASHES 


@ Heat Besistant 


Your supply dealer is your nearest source of supply. i 
other new and useful items are fully illus- ; 
= trated in our last issue of “LAB CARE”. 


Write for your copy to 
METAL PRODUCTS CO. 


Houston 17, Texas 


“GOLDFISCH” FAT EXTRACTOR 


Automatic release-and-seal features to speed your 
solvent extraction and reclaim high percentage of 
solvent. Used by 29 states in feed control work 
and by hundreds of diversified school and indus- 
trial laboratories. Made in 2, 4, and 6 capacity 
units. No change need be made in your present 
extraction methods—aend you'll save time and 
solvent! 

WRITE DIRECT TO THE MANUFACTURER 

FOR PICTURES, PRICES, FULL DETAILS 


LABORATORY CONSTRUCTION CO. 
1113 Holmes Street . Kansas City, Mo. 
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pricinac( Donne 


For The Chemist and Engineer 


Sturdy: Low Priced: Weight 12 Ibs. 
Easy to Learn: New Back Transfer 
Device Speeds Up Calculations 


Ask For Bulletin CQ-43 


SOLE DISTRIBUTORS FOR U.S.A 


IVAN SORVALL, INC. 
210 FIFTH AVE., NEW YORK 10, N. Y. 
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CNow in Stock FOR PROMPT DELIVER 


HIGH TEMPERATURE 


Combustion Tubes 


Use either ZIRCUM tubes containing a high 
concentration of zircon or McDANEL tubes 
made of mullite. Both are especially fired for 
high temperature furnaces. 


Straight and tapered-end styles in a variety 
of lengths and diameters are available for 
prompt delivery. 


Write for New Bulletin No. 314 


BURRELL 


@ Guaranteed to withstand temperatures 
up to 2900° F. 


@ Dense, vitreous and gas-tight 

@ Straight and accurately sized 

@ Smooth inside, easily cleaned 

@ Free from devitrification 

@ Not distorted at high temperatures 


BURRELL corRPORATION 


1942 FIFTH AVENUE - PITTSBURGH 19, ? 
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jiminate Explosion Hazards and 
 S Achieve Variable Speed from 0 to 6,000 rem.with... 


LL iv 


A Revolutionary Development 
In Air Motor Stirrers 


Offering many design refinements and advantages 
over the old type air motor, the new Mixaire cannot 
explode under any conditions—does not generate 

_ sparks—and more than fulfills all safety require- 
ments. 


Recommended for pressures below 100 Ibs. and 
speeds below 6,000 r.p.m., the Mixaire has variable 
speed from 0 to 6,000 r.p.m. which can be instantly 
increased or decreased by adjusting valve on air 
supply. 

With 4 vanes acting in each revolution, the Mixaire 
will positively start from any position—and run at 
moderate speeds as low as 100 r.p.m. without stall- 
ing. No possibility of burn-outs from overloading 
or braking. 


Other Outstandin g Advanta ges 
J R @ Compact—2//,” in diameter ; weight 3 Ibs. 


@ Simple Pressure and Speed Control—Lever handled valve 
(with serrated hose end) , included on end of air inlet (sup- 
port arm), controls air pressure and speed of motor. 


SE) @ Automatic Take-Off—Self-adjusting vanes—no springs. 
@ Silent Operation through compact sound muffler. 


@ New Simplicity of Design—Few operating parts. 
@ Inexpensive compared with explosion-proof electric 


motors. 

@ Mounting Ease—6” length of nickel plated 1” standard 
ree aa SOE, pipe, connected to air inlet side of rotor, serves as support 
arm for mounting motor to any standard laboratory support 
622812 — Mixaire, air stirrer (VHP. at | stand with clamp fastener. Added feature of set screw ad- 
Zl 100 Ibs.). Complete with pulley and chuck for shafts & justable machined hub for surface mounting of motor to 
up to 4” diameter, nickel-plated brass stirrer, 9” top or side plates of tanks or constant temperature baths 

shaft, 2” diameter propeller. Each............... 860.50 with plate thickness up to 3/16”. 


6228124—Mixaire, Heavy Duty air 
stirrer (1, H.P. at 90 lbs.). Similar to G22812, 


but capable of developing / H.P. at 90 Ibs. Com- 
plete with pulley, chuck and propeller. Each 882.50 EW ERR QO. 


20-26 N. MOORE STREET NEW YORK 13, N.Y. 
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No commonly available material matches perfectly all 
the specifications for analytical balance weights. 
Permas* was developed especially to conform to speci- 
fications prescribed by the Fisher Development Lab- 
oratory. Permas is the only metal specifically com- 
pounded for analytical weights, and it contains more 
than 50% non ferrous material. 


Permas Weights are manufactured exclusively by 
the Fisher Scientific Company and Eimer & Amend. 
They are adjusted to tolerances well within the range 
required by the National Bureau of Standards. 

Permas Weights are harder. The surface resists 
abrasive action better than brass, bronze, gold, plati- 
num, or any plating used on analytical weights. 


= . the metal made 


especially for 
FISHER PERMAS WEIGHTS 


Permas Weights are non-magnetic. They will 
attract metallic particles and they are not affected 
the damping magnets frequently used in analyti 
balances. 


Permas Weights are corrosion resistant. They 
not altered by the corrosive fumes often encounte 
in the laboratory. 


Permas Weights are not lacquered or plated. 
do not have the disadvantage of taking up moisture 
all lacquered surfaces do. 


Permas Weights are machined, by tungsten carh 
tools, from rolled bar stock and polished to a pem 
nent, durable, mirror-like finish. 


*Permas—permanent mass—is a coined word, registered in the U. S. Patent Office, and is pronounced per’-mass. 


Write for full information on all Fisher Permas Balance Weights. 


The 100-gram set of Fisher 
Permas Weights illustrated at 
right is adjusted to tolerances 

required by the National Bureau 
of Standards for class “S” 
analytical weights. Price $52.00 


Headquarters for Laboratory Supplies 


FISHER SCIENTIFIC COMPAN 


Stocks at: 


717 Forbes, Pittsburgh (19), Penna. 
2109 Locust, St. Louis (3), Mo. 


635 Greenwich, New York (14), New 
7722 Woodbury, Silver Spring, Md. 


in Canada: Fisher Scientific Co., Ltd., 904 St. James, Montreal 
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